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PREFACE. 



T N compiling the following treatise, my aim has 
*■ been to give a brief but thoroughly prac- 
[itical account of the properties, manufacture, and 
methods of analysis of the various nitro-explosives 
now so largely used for mining and blasting pur- 
poses and as propulsive agents ; and it is believed 
that the account given of the manufacture of nitro- 
glycerine and of the gelatine dynamites will be 
found more complete than in any similar work yet 
published in this country. 

For many of the facts and figures contained in 
the chapter on Smokeless Powders I am indebted 
to (amongst others) the late Mr J. D. Dougall 
and Messrs A. C. Fonsonby and H. M. Chapman, 
F.C.S. ; and for details with regard to Roburite 
to Messrs H. A. Krohn and W. J. Orsman, 
F. I.e. To these gentlemen my cordial thanics 
are due. Among the authorities which have been 
consulted in the general preparation of the work 



may be mentioned the Journals of the Chemical 
Society, the Society of Chemical Industry, the 
United States Naval Institute, and the Royal 
Artillery Institution. I have also referred to 
several volumes of the periodical publication 
Arms and Explosives; to various papers by 
Sir Frederick Abel, Bart., F.R.S., and General 
Wardell, R.A., on Gun -Cotton ; to " Modern 
Artillery," by Capt. Lloyd, R.N., and A. G. 
Hadcock, R.A. ; to the late Colonel Cundill's 
" Dictionary of Explosives " ; as well as to the 
\ works of Messrs Eissler, Berthelot, and others. 

The illustrations have been prepared chiefly 

from my own drawings. A few, however, have 

been taken (by permission) from the pages of 

Arms and Explosives, or from other sources which 

I are acknowledged in ihe text. 

P. G. S. 
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;o CULLUM .Strf.et, E.C., 
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ClIAI'TKK I. 

INTRODUCTORY. 

TheNitro-Explosives— RuUtanccs that have Ivcn Niinled— TbeD 

Arcji— Syalems of rrufcssors Lmlj^c, Ztiigcr, anil Mclsens for the 

I'rotectinn of Buildingii from Lighlning, Ac 

The manufacture of the various nitro-explnsives has 
made great advances during late years, and the various 
forms of nitro compounds are gradually replacing the 
older forms of explosives, both for blaiitintj purposes and 
) as propulsive agents, under the form of smokeless 
■^powders. The nitro-explosivcs belong to the so-called 
High Explosives, and may be defined as any chemical 
compound possessed of explosive properties, or capable 
of combining with metals to form an explosive com- 
r pound, which is produced by the chemical action of 
ric acid, either alone or mixed with sulphuric acid, 
on any carbonaceous substance, whether such com- 
ipund is mechanically mixed with other substances or 



The number of compounds and mixtui-es included 
under this definition is very large, and they are of very 

n given in Order of Council, No. i. Explosives Act, 
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l-difTerent chemical composition. Among the substances 
1 that have been nitrated are: — Cellulose, under various 
l forms, £.£■., cotton, lignin, &c. ; glycerine, benzene, starch, 
Ijute, sugar, phenol, wood, straw, and even such sub- 
> Stances as treacle and horse-dung. Some of these are 
\ not made upon the large scale, others arc but little used. 
I Those of most importance arc nitro-glyccrine and nitro- 
I cellulose. The former enters into the composition of all 
b dynamites, and several smokeless powders ; and the 
1 second includes gun-cotton, collodion -cotton, nitrated 
1 wood, and the majority of the smokeless powders, which 
I consist generally of nitro-cotlon, nitro-Iignin, nitro-jute, 
l&c, &c., together with metallic nitrates, or nitrn- 
I, glycerine. 

The nitro-explosives consist generally of some organic 
I substance in which the NOo group, known as nitryl, has 
[ been substituted in place of hydrogen. 

jOH 

Thus in glycerine, C^Hf! OH, which is a Irihydric 

(oh 

lakohol, and which occurs very widely distributed as the 

■ alcoholic or basic constituent of fats, the hydrogen 

I atoms are replaced by the NO, group, to form tiie ' 

■ highly explosive compound, nitro -glycerine. If one 
*tom only is thus displaced, the mono-nitrate is formed 



I thii 



( ONOj 
:,C3ll,i- OH ; and if the three atoms a 

■ (oh 



; displaced, 



i C3Hr,(ONO^)3, or the tri-nitrate, is formed, which is com- 
I mcrcial nitro-glycerine. 

Another class, the nitro-celluloses, are formed from 
I cellulose. CoHjoO^, which forms the groundwork of all 
L vegetable tissues. Cellulose has some of the properties 
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tof the alcohols, and forms ctherial salts when treated 
I with nitric and sulphuric acids. The hexa-nilrate, or 
I gun-cotton, has the formula, CijHuO.rONOs)^ ; and 
1 col I od ion -cotton, pyroxylin, &.C., form the lower nitrates, 
Lie., the tetra- and pen ta- nitrates. These last are soluble 
■tn various solvents, such as ether-alcoho! and nitro- 
Jglyccrinc, in which the hexn-nilratc is insoluble. They 
lall dissolve, however, in acetone and acetic ether. 

The solution of the soluble varieties in ether-alcohol 

ria known as collodion, which finds many applications in 

the arts. The hydrocarbon benzene, CgH„. prepared 

from the light oil obtained from coal-tar, when nitrated 

forms nitro- benzenes, such as mono- nitro- benzene, 

CflHjNO^, and di-nitro- benzene, C|,IIj(NOg)j, in which 

I' one and two atoms are replaced by the NO^ group. The 

Ij latter of the.se compounds is used as an explosive, and 

'enters into the composition of such well-known explo- 

I gives as roburite, &c. The presence of nitro groups in a 

(substance incrca.scs the difficulty of further nitration, and 

1 any case not more than three nitro groups can be 

vintroduccd into an aromatic compound, or the phenols. 

All aromatic compounds with the general formula, 

^jHjXj, give, however, threi; series. They arc called 

liirtho, mcta, or para compounds, depending upon the 

msition of the NO., groups introduced. 

Certain regularities have been observed in the forma- 
in of nitro compounds. If, for example, a substance 
^contains alkyl or hydroxyl groups, large quantities of 
^e para compound are obtained, and very little of the 
»rtho. The substitution takes place, however, almost 
[entirely in the meta position, if a nitro, carboxyl, or 
kldehyde group be present. Ordinary phenol, CyHg.OH, 
! para- and ortho-niCro-phenol ; toluene gives para- 
md ortho-nitro-toluenc ; but nitro-benzenc forms mcta- 




^us (No. i), then the positions r and 2 represent the 
rtho, I and 3 the meta, and i and 4 the para com- 
lounds. When the body phenol, CaHg. OH, is nitrated, 
a compound is formed known as tri-nitro- phenol, or 
picric acid, CuHj(NOj)aOH, which is used very exten- 
sively as an explosive, both as picric acid and in the 
form of picrates. Another nitro body tliat is used as an 
explosive is nitro-naphthalene, C,„ng(NOj)j, in roburite, 
securitc, and other explosives of this class. The hexa- 
i nitromannitc, CoH/ONOa}^, is formed by treating a 

substance known as inannite, C„H^(OH)o, an alcohol 
formed by the lactic acid fermentation of suyar and 
closely related to the sugars, with nitric and sulphuric 
acids. It is a solid substance, and very explosive; it 

I contains 18.58 per cent, of nitroj-cn. 
L Nitro-starch has also been used for ihe manufacture 
Kan explosive, Miihlhaucr has described {Ding. Poly. 



W'* Organic LTicmislr)'," I'rof. Hjcli. Translate<I by J. 
k, Ph.t>. 
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^Jour., 73, 137-143J three nitric ethers of starch, the tetra- 
Initro-starch. C,jH|uO„(ONO^),, the peiila- and hexa- 
■■nitro-starch. They are formed by acting upon potato 
T starch dried at 100° C. with a mixture of nitric and 
salphuric acids at a temperature of 20" to 25° C. Rice 
starch has also been used in its production. Miihlhauer 
proposes to use this body as a smokeless powder, and to 
nitrate it with the spent mixed acids from the manufac- 
ture of nitro-jjiyccrinc. This substance contains from 
10,96 to 11.09 per cent, of nitrogen. It is a white 
I substance, very stable and soluble even in cold nitro- 
I glycerine. 

The explosive bodies formed by the nitration of jute 

have been studied by Messrs Cross and lievan, and also 

by Miihlhauer. The former chemists give jute the 

formula C,jlI,^Ou, and believe that it.s conversion into a 

.nitro comiKiund takes place according to the equation — 

CwH,sO.,+ 3HNO,= 3Hp + Ci,H„0/NO„V 

This is equivalent to a gain in weight of 44 [>cr cent, for 

flie tri-nitrate, and 58 per cent for the tetra-nitrate. 

The formation of the tetra-nitrate appears to be the limit 
f nitration of jute fibre. Messrs Cross and Hevan say, 

' In other words, if wc represent the iigno-celIulo.se mole- 
; by a Cj^ formula, it will contain four hydroxyl (OH) 
groups, or two less than cellulose similarly represented." 

t contains 1 1.5 per cent, of nitrogen. The jute nitrates 

[Csemble those of cellulose, and are in all essential points 

tiJtrates of ligno-cellulosc, 

Nitro-jute is used in the composition of the well- 
known Coopaal Smokeless Powders. Cross and Bevan 
are of opinion that there is no very obvious advantage 
in the use of lignified textile fibres as raw materials for 
explosive nitrates, seeing that a number of raw materials 




»ntaining cellulose (chiefly as cotton) can be obtafned 
Vat from j^io to ^25 a ton, and yield also 150 to 170 i^er 
flcent of explosive material when nitrated (whereas jute 
■only gives 154.4 per cent.), and are in many ways 
I superior to the products obtained from Jute. Nitro- 
I lignin. or nitrated wood, is, however, largely used in the 
f composition of a good many of the smokeless powders, 
1 such as Schultzc's, the Smokeless Powder Co.'s products, 
I and others. 



The Danger Area. — That portion of the works that 
I is devoted to the actual manufacture or mixing of ex- 
l.plosive material is generally designated by the term 
I "danger area," and the buildings erected upon it are 
I- spoken of as "danger buildings." The best material of 
I which to construct these buildings is of wood, a.s in the 
I event of an explosion they will offer less resistance, and 
I will cause much less danger than brick or stone buildings. 
■ When an explosion of nitro-glycerine or dynamite occurs 
1 one of these buildings, the sides are generally blown 
[-out, and the roof is raised some considerable height, and 
1 finally descends upon the blown-out sides. If, on the other 
I hand, the same explosion had occurred in a strong brick 
■or stone building, the walls of which would off'er a much 
flarger re.sistance, large pieces of brickwork would pro- 
1 bably have been thrown for a considerable distance, and 
I have caused serious damage to surrounding buildings. 

It is also a very good plan to surround all danger 
ff buildings with mounds of sand or earth, which should be 
[ covered with turf, and of such a height as to be above 
)of of the buildings that they are intended to pro- 
tect (see frontispiece). These mounds arc of great value 
in confining the force of the explosion, and the sides of 
I the buildings being thrown against them are prevented 
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LXrom travelling any distance. In gunpowder works 
jitt is not unusual to surround the danger buildings with 
I trees or dense underwood instead of mounds. This 
p would be of no use in checking the force of explosion 
I of the high explosives, but has been found a very useful 
I precaution in the case of gunpowder. 

n Great Britain it is necessary that all danger 
buildings should be a specified distance apart ; a license 
also must be obtained for each building. The applica- 
tion for a license must give a plan fdrawn to scale) of the 
propo.sed factory or magazine, and the site, its bound- 
aries, and surroundings, and distance the building will be 
from any other buildings or work.s, &c., also the character, 
and construction of all the mounds, and nature of the 
t processes to be carried on in the factory or building.* 
The selection of a site for the danger area requires 
some attention. The purpose for which it is required, 
that is, the kind of explosive that it is intended to manu- 
facture, must be taken into consideration. A {>crfcctly 




level piece of ground might probably be quite suitable 
for the purpose of erecting a factory for the manufacture 
of gun-cotton or gunpowder, and such materials, but 
would be more or less unsuitable for the manufacture of 
nitroglycerine, where a number of buildings are required 
to be upon different levels, in order to allow of the 
flow of the liquid nitro-glycerine from one building to 



' Explos 



s Act, 38 Vict, ch, 17. 



I 



MTKii-l-;XI*I.OhrVE^ 

another through a system of conduits. These conduits 
(F'g' Oi which are generally madL* of wood and lined 
with lead, the space between thv wood^vork anci the lead 
ilining, which is generally some 4 or 5 inches, being filled 
with cinders, connect the various buildings, and should 
■slope gently from one to the other. 1 1 is also desirable that, 
AS far as possible, they should be protected by earthwork 
banks, in the same way as the danger buildings them- 
selves. They should also be provided with covers, which 
should be whitewashed in hot weather. 

A great deal of attention should be given to these 

conduits, and they should be very frequently inspected. 

.Whenever it is found that a portion of the lead hning 

acquires repairing, before cutting away the lead it should 

be very carefully washed, for several feet on either side 

of the portion that it is intended to remove, with a 

solution of caustic soda or potash dissolved in methylated 

spirit and water, and afterwards with water alone. This 

decomposes the nitro-glycerine forming glycerine and 

ium nitrate. It will be found that the mixed 

ids attack the lead rather quickly, forming sulphate 

id nitrate of lead, but chiefly the former. It is on this 

'account that it has been proposed to use pipes made of 

tttapercha, but the great drawback to their use is that 

the case of anything occurring inside the pipes, such 

the freezing of the nitro- glycerine in winter, it is more 

difficult to find it out, and the condition of the inside 

cannot be seen, whereas in the case of wooden conduits 

it is an easy matter to lift the lids along the whole 

length of the conduit. 

The buildings which require to be connected by con- 
duits arc of course those concerned with the manu- 
facture of nitro-glycerine. These buildings are— ( 1 } The 
nitrating house ; (2) the separating hou^ : (3) the filter 
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(4) the secondary scjiarator ; (5) the deposit of 
rashings; (6) the settling; or precipitation house; and 
ich of these buildings must be on a level lower than 
le preceding one, in order thai the nitro-glyccrine or 
acids may flow easily from one building to the next. 
These buildings are, as far a.s possible, best placed 
together, and away from the other danger buildings, 
such as the cartridge huts and dynamite mixing houses, 
but this is not essential. 

All danger buildings should be protected by a light- 
ning conductor, or covered with barbed wire, as suggested 
by Professor Oliver J. Lodge, K.R.S., Professors Zcnger, 
of Prague, and Melsens, of Jirussels, and everything 
possible should be done to keep them as cool as possible 
In the summer. With this object, they should be made 
double, and the intervening space filled with cinders. 
The roof aUo should be kept whitewashed, and the 
windows painted over thinly with white paint. A 
thermometer should be suspended in every house. It 
is very essential that the floors of all these buildings 
should be washed every day before the work-people 
leave. In case any nitro glycerine is spilt upon the 
floors, after sponging it up as far as possible, the floor 
should be wa.shed with an alcoholic solution of soda or 
potash to decompose the nitro-glycerine, which it does 
:cording to the equation — 

C.HsCNOj, + 3 KOH = C.lip, + .iKNOg. 

Every one employed in the buildings should wear 
[st or sewn leather shoes, which of course must be worn 
in the buildings only. The various houses should be 
connected by paths laid with cinders, or boarded with 
planks, and any loose sand about the site of the works 
should be covered over with turf or cinders, to prevent 




its blowing about anil jretting into tlie buildinjfs. It is 
also of importance that stand pipes should be placed 
about the works with a good pressure of water, the 
necessary hose bcin^ Itept in certain known places where 
they can be at once got at in the case of fire, such as the 
danger area laboratory, the foreman's office, &c. It is also 
desirable that the above precautions against fire should 
be tested once a week. With regard to the heating of 
the various buildings in the winter, steam pipes only 
should be used, and should be brought from a boiler- 
house outside the danger area, and should be covered 
with kieselguhr or fossil meal and tarred canvas. These 
pipes may be supported upon poles. A stove of some 
kind should be placed in the corner of each building, 
but it must be entirely covered in with wootlwork, and 
as small a length of steam p!p;.s should be within the 
building as possible. 

In the case of a factory where nitro-glycerine and 
dynamite are manufactured, it is necessary that the 
work-people should wear different clothes upon the 
danger area than usual, as they are apt to become im- 
pregnated with nitro-glycerine, and thus not very desir- 
able or safe to wear outside the works. It is better also 
that these clothes should not contain any pockets, as 
this lessens the chance of matches or steel implements 
being taken ujjon the danger area. Changing houses, 
one for the men, and another for the girls, should also be 
provided. The tools used upon the danger area should, 
whenever the building i.s in use, or contains explosives, 
be made of phosphor bronze or brass, and brass nails or 
wooden pegs should be used in the construction of all 
the buildings. 

Lightning: Conductors, — The Explosive Substances 




FAct, jS Vict. ch. 17, clause 10, says, "Every factory 
magaKinc and expense magazine in a factory, and every 
danger building in a maga/.ine. shall have attached 
thereto a sufficient lightning conductor, unless by reason 
of the construction by excavation or the position of such 
magazine or building, or otherwise, the Secretary of 
State considers a conductor unnecessary, and every 
danger building in a factory shall, if so required by the 
Secretary of State, have attached thereto a sufficient 
lightning conductor," 

The exact form of lightning conductor most suitable 
for explosive works and buildings has not yet been de- 
finitely settled. Lightning-rod engineers favour what 
is known as the Melsens 
system, due to Professor 
Melsens, of Hrussels, and 
Professor Zenger. of 
Prague, but first suggested 
by the late Professor Clerk- 
Maxwell. In a paper read 
before the British Associa- 
tion, Clerk -Maxwell pro- 
Liposed to protect powder- 
lagazines from the effects 

^ lightning by completely surrounding or encasing 
lem with sheet metal, or a cage of metallic conductors, 
"here were, however, several objections to his system 
he left it. 

Professor Melsens* has, while using the idea, made 

il important alterations. He has multiplied the 

inals, the conductors, and the earth-connections. 

9'minals are very numerous, and assume the 

" Belgian Academy of Science. 
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I form of an aijjrettc or brush with five or seven jioints, 

I the central point being a little higher than the rest, 

I which form with it an angle of 45°. He employs for the 

I most part galvanised -iron wire. He places all metallic 

■ bodies, if they are of any considerable size, in com- 

Imunication with the conducting system in such a 

manner as to form closed metallic circuits. His .system 

is illustrated in Fig. 2, taken from Arms and Exfiloswes. 

This system is a near approximation to J. C. Max- 

I well's cage. The system was really designed for the 

f protection of ]K)wder-magazines or store buildings placed 

n very exposed situations. Zenger's system is identical 

with that of Melsens, and has been extensively tried by 

the Austrian military authorities, and Colonel Hess has 

I reported upon the absolute safety of the sy.item. 
The French system of protecting powder-magazines 
is shown in Fig. 3, where there arc no brush terminals or 
_^ . — :,^- . aigrettes. The French mill- 

^\" '■ I '7 tary authorities also protect 

■ ; ; I : ■ magazines by crectjng two 

v—^ t' — t - or more lightning-rods on 
• * Jl ') poles of sufficient height 

Piii. }.— Fkkhcm svmkb i.F placed close to, but not touch- 
LiciiTNiwi CunoucTUR. ;^g_ f^g ^aiis of the magazine. 

These conductors arc joined below the foundations and 
earthed as usual. 

In the instructions issued by the Government, it is 
r stated that the lightning-rods placed upon powder-mills 
should be of such a height, and so situated, that no 
danger is incurred in igniting the powder-dust in the air 
- by the lightning discharge at the pointed rod. In such 
L a case a fork or aigrette of five or more points should 
I invariably be used in place of a single point. 

In Fig. 4 {a and b) is shown the Government method 
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bi protecting buildings in which explosives are made or 
stored. Multiple points or aigrettes would be better. 
Lord Kelvin and I'rofessor Melsens favour points, and it 




is generally admitted that lightning docs not strike build- 
ings at a single point, but rather in a sheet; hence, in such 
cases, or in the event nf the globular form being assumed 




B lightning, the aigrette will constitute a much more 

e protection than a single point. As to the spac- 

fconductor-i, they may, even on the most imi^rtant 
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I buildings, be spaced at intervals of 50 feet There nill 
then be no point on the building more than 25 feet from 
the conductor. This "zs-feet rule" can be adhered to 
witfi advantage in all overground buildings for explo- 
aivcs- 

Undcrground magazines should, whenever possible, 

I also }k protected, because, although less exposed than 

I overground buildings, they frequently contain explosives 

I packed in metal cases, and hence would present a line of 

smnller electrical resistance than the surrounding earth 

would offer to the lightning. The conductor should be 

arranged on the same system as for overground build- 

t Ing», but be applied to the surface of the ground over 

the magazines. 

In ail situations where several conductors are joined 
in one system, the vertical conductors should be con- 
nected Ijoth at the top and near the ground line. The 
angles uTid the prominent portions of a building being 
, the most liable to be struck, the conductors should be 
cnntcd over and along thesi; projections, and therefore 
I along the ridges of the roof, Tlie conductors should be 
I connected to any outside metal on the roofs and walLs, 
' unci specially to the foot of rain-water pipes. 

All the lightning conductors should be periodically 
1 tested, to see that they arc in working condition, at least 
every three months, according to Mr Richard Anderson. 
The object of the tc-sl is to determine the resi.stance of 
I the eartli-conncction. and to localise any defective joints 
[ or parts in the conductors. The beat system of testing 
f the conductors is to balance the resistance of each of the 
L earths against the remainder of the system, from which 
[the stale of the earths may be inferred with sufficient 
[ accuracy for all practical purposes, 

Ca]>ta>n Bncknill, K.K., has designed an instrument 
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to test resistance which is based on the Post Office 
pattern resistance coil, and is capable of testing to 
approximate accuracy up to 200 ohms, and to measure 
roughly up to 2,000 ohms. Mr R. Anderson's appa?atus 
is also very handy, consisting of a case containing three 
Leclanchii cells, and a galvanometer with a "tangent" 
scale and certain standard resistances. Some useful 
articles on the protection of buildings from lightning 
will be found in Arms ami Explosives, July, August, 
nd September 1893, and by Mr Anderson, Hril, Assoc, 
[78-80. 

Nitro-Glycerine. ^ One of the most [jowerful of 
modern explosive .igents is nitro-glyccrine. It is the 
explosive contained in dynamite, and forms the greater 
part of the various forms of blasting gelatines, such as 
gelatine dynamite and gelignite, both of which substances 
consist of a mixture of gun-cotton dissolved in nitro- 
glycerine, with the addition of varying proportions of 
wood-pulp and saltpetre, the latter substances acting 
as absorbing materials for the viscid gelatine. Nitro- 
glycerine is also largely used in the manufacture of 
smokeless powders, such as cordite, ballistitc, and 
several others. 

Nitro-glyccrol, or glycerol tri-nitrate, was discovered 
by Sobrero in the year 1847. In a letter written to 
M. I'elouse. he says, " when glycerol is pf)urcd into a 
mixture of sulphuric acid of a specific gravity of 1.S4, 
and of nitric acid of a gravity of 1.5, which has been 
cooled by a freezing mixture, that an oily liquid is 
formed." This liquid is nitro-glycerol.or nitro-glycerine, 
which for .some years found no im[»rtant use in the arts. 
until the year 1863, when Alfred Nobel first started a 
factory in Stockholm for its manufacture upon a large 
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Iscale ; but on account of some serious accidi:nts taking 
I place, its use did not become general. 

It was not until Nobel conceived the idea (in 1866) 
j of absorbing the liquid in some absorbent earth, and 
1. thus forming the material that is now known as dyna- 
P mite, that the use of nilro -glycerine as an explosive 
[ became general. 

Among those who improved the manufacture of 
ji nitro-glycerine was Mowbray, who, by using pure gly- 
Lcerine and nitric acid free from nitrous acid, made very 
reat advances in tKe manufacture. Mowbray was pro- 
tbably the first to use compressed air for the purpose of 
■keeping the liquids well agitated during the process of 
T nitration, which he conducted in earthenware pots, each 
I containing a charge of 17 lbs. of the mixed acids and 
I z lbs. of glycerol. 

A few years later ( 1 872), MM. Vouges and 
Boutnny* proposed to prepare nltro-glyccrinc by mix- 
I ing the sulphuric acid with the glycerine, thus forming a 
I sulpho- glyceric acid, which was afterwards mixed with a 
I mixture of nitric and sulphuric acids. They claimed for 
Pthis method of procedure that the fin-il temperature is 
much lower. The two mixtures are mixed in the pro- 
portions — Glycerine, lOO; nitric acid. 280; and sulphuric 
acid, 600. They state that the rise of tem|>erature upon 
mixing is limited from 10' to 15° C; but this method 
requires a [jeriod of twenty-four hours to complete the 
nitration, which, considering the danger of keeping the 
nitro-glycerine in contact with the mixed acids for .so 
long, probably more than compensates for the somewhat, 
doubtful advantage of being able to perform the nitra- 
I tion at such a low temperature. The Boutnny process 

' Kemlus, 75 ; and Uesorti;iux, TraiW stir lit Fiiiti/tr, 
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IS in operation for some time at Pcmbrey Burrows in 
Wales, but after a serious explosion the process was 
abandoned. 

\itro-glycerine is now generally made by adding the 
glycerine to a mixture of sulphuric and nitric acids. 
The sulphuric acid, however, takes no part in the re- 
action, but is absolutely necessary to combine with the 
water that is formed by the decomposition, and thus to 
keep up the strength of the nitric acid, otherwise lower 
nitrates of glycerine would be formed that arc soluble in 
water, and which would be lost in the subsequent process 
of washing to which the nitro compound is subjected, in 
order to remove the excess of acids, the retention of 
which in the nitro-glycerol is very dangerous, Nitro- 
glycerol, which was formerly considered to be a nitro- 
substitution compound of glycerol, was thought to be 
formed thus — 

C,HgO,,+ 3l IN0., = QH5(N0,).A -1-31-1,0 ; 
but more recent researches rather point to its being re- 
garded as a nitric ether of glycerol, or glycerine, and to 
its being formed thus — 

Cj,HsO.,-f3HNO = C,H,(NO,), + 3H,0. 



(OH 

C,(LO„ or CJh-\ OH 

lOH 



The formula of glycerine 

and that of the mono-nitrate of glycerine C,l !■, 



fONO, 
-OH 

(oh 

ONO, 



1 of the tri-nitrate (< 
tat is, the three hydrt^ens of the 



1 ONO( 

nitro-gtyccrinc) CJIs-^ ONO, 

(oNOj 
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hydroxy! in the glycerine have been replaced by the 
NO, group. 

In the manufacture upon the large scale, a mixture 
of three pans by weight of nitric acid and five parts of 
sulphuric acid are used. From the above equation it 
will be seen that c\cTy i lb. of glycerol should give 

2.47lbs.ofnitro-glycerol y — ^-^ =3.47), but in practice 

the yield is only about 2 lbs. to 2J. the loss being 
accounted for by the unavoidable formation of some of 
the lower nitrate, which dissolves in water, and is thus 
washed away, and partly perhaps to the presence of a 
little water (or other non-nitratabie matter) in the 
glycerine, but chiefly to the former, which is due to the 
acids having become too weak. 
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Properties of Nitro- Glycerine. — Nitro-glycorol is a 
Tieavy oily liquid of specific gravity i,6 at 15' C, and 
when quite pure is colcurless. The commercial product 
is a pale straw yellow, but varies much according to the 
purity of the materials used in its manufacture. ,It is 
insoluble in water, crystallises at - 20° C, but different 
commercial samples behave very differently in this re- 
spect, and minute impurities prevent or delay crystallisa- 
tion. Solid nitro-glycerol melts at 10" C, but requires 
to be exposed to this temperature for some time before 
melting. The specific gravity of the solid form is T.735 
at + 10° C. ; it contracts one-twclflh of its volume in 
solidifying. Beckcrheim • gives the specific heat as 
04248 between the temperatures of 9.5^ and 9.8° C. 

Nitro-glyccrine has a sweet ta.stc, and causes great 
depression and vertigo. It is soluble in ether, chloro- 
form, benzene, glacial acetic acid, and nitro- benzene, in 
1.75 parts of methylated spirit, very nearly insoluble in 
water, and practically insoluble in carbon bisulphide. 
Its formula is CaHjfNOj)^, and molecular weight 227. 
When pure, it may be kept any length of lime without 
decomposition. Berthelot kept a sample for ten years, 
and Mr G. M'Robcrts, of the Ardeer Factory, for nine 
years, without their showing signs of decomposition ; 



• Isb., Chem. Tech., Z2, 481-487. 1876. 
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but if il should contain the smallest trace of free acid, 
decomposition is certain to be started before long. This 
will generally show itself by the formation of little green 
spots in the gelatine compounds, or a green ring upon 
the surface of liquid nitro-gtycerine. Sunlight will often 
cause it to explode ; in fact, a bucket containing some 
water that had been used to wash nitro-glycerinc, and 
had been left standing in the sun, has in our experience 
been known to explode with considerable force. The 
percentage composition of nitro-glycerine is as fol- 
lows ; — 



Carbon 


I'OUtld. 
- T5.62 


TlitoryforC,H,(NOJ 

15.86 per i-eni. 


H ydrogcn - 

Nitrogen ■ 
Oxyt-en - 


3.40 
17-90 


18.50 



The above analysis is by Beckerheim. Sauer and Adou 
give the nitrogen as 18.35 ^° '0'S4 P^r cent, by Dumas' 
method ; but I have never found any difficulty in obtain- 
ing percentages as high as 1 8.46 by the use of Lunge's 
nitrometer. The decomposition products by explosion 
are shown by the following equation — 

2C,H,(NO.,), = 6COj + 5lIaO-|-6N-i-0; 
that is, it contains an excess of 3.52 |jer cent, of oxygen 
above that required for complete combustion ; 100 grms. 
would be converted into^ — 

Carbonic acid (CO), . 58.15 per cent. 

Water 19.S3 „ 

Oxygen 3.52 

Nitrogen 18.50 „ 

The volume of gases produced at o' and 760 mm., 
calculated from the above, is 714 litres per kilo, the water 
being taken as gaseous. Nitro-glycerine is decomposed 
differently if it is ignited as dynamite (/>., kieselguhr 
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l-dynamite), and if the gases are allowed to escape freely 
under a pressure nearly equal to that of the atmosphere, 
Sarrau and Vieille obtained under these conditions, for 

i volumes of gas^ 

NO +8.2 |>cr cent. 

CO :i5.t) „ 

CO, - .3.7 „ 

H - 1.6 „ 

N ----- - 1.3 „ 

CH, - - - - ■ 0.3 „ 

jbese conditions arc similar to those under which a 
nning charge, simply ignited by the cap. burns away 
wly under a low pressure (/>., a miss fire). In a recent 
communication, P. F. Charon (^Engineering and Mining 
Ji'iirmtl, 1892) says, that in practice nitro-glycerine 
vapour, carbon monoxide, and nitrous oxide, arc also 
produced as the result of detonation, but he attributes 
their formation to the use of a too feeble detonator. 

Nitro-glycerine explodes very violently by concus- 
sion. It may be burned in an open ves.sel, but if heated 
above 250" C. it explodes, Professor C. E. Munroc 
gives the firing point as 203°-205" C. He used the 
apparatus devised by Horstey. The heat of formation 
of nitni-glycerinc. as deduced from the heat of combus- 
tion by M. Longuinine, is 432 calories for i grm. ; and 
the heat of combustion equals 1,576 cals. for i grm. In the 
case of nitro-glycerine, the heat of total combustion and 
the heat of complete decomposition are interchangeable 
terms, since it contains an excess of oxygen. Accord- 
ing to Dr W, H. Perkin, F.R.S.,' the magnetic rotation 
of nitro-glycerine is 5.407, and that of tri-methylcnc 
nitrate, 4.769 (diff. =.638). Dr Perkin .says: "Had nitro- 
glycerine contained its nitrogen in any other combination 

' Jpur. C/irm. Soc, W. H. Perkin, rSSg, p. 72b. 
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■ with oxygen than as — 0-N02,asit might ifits con- 
f stitution had been represented as CgHjCNO^yOH),,, the 
I rotation when compared with propyl nitrate (4.085) would 
I be abnormal." 



Majiufacture of Nitro-Glycerine. — Nitro-glycerinc 

' is prepared upon the manufacturing scale by gradually 
I adding glycerine to a mixture of nitric and sulphuric 
I acids of great strength. The mixed acids are contained 
T in a lead vessel, which is kept cool by a stream of water 
PContinually passing through worms in the interior of the 

■ nitrating vessel, and the glycerine is gradually added in 
I the form of a fine stream from above. The manufac- 
tturc can be divided into three distinct operations, viz., 
I nitration, separation, and washing, and it will be well 
I to describe these operations in the above order. 

Nitration. — The most essential condition of nitrating 
I is the correct composition and strength of the mixed 
s. The best proportions have been found to be three 
s by weight of nitric acid of a specific gravity 1.525 
< 1.530, and containing as small a proportion of the 
I oxides of nitrogen as possible, to five parts by weight of 
sulphuric acid of a specific gravity of 1,840 at 15° C, 
I and about 97 per cent, of mono-liydrate. It is of the 
Fvery greatest importance that the nitric acid should be 
I as strong as possible. Nothing under a gravity of 1.52 

■ should ever be used even to mix with stronger acid, and ^ 

■ the nitration will be proportional to the strength of the 
I acid used, provided the sulphuric acid is also strong 
I enough. It is also of great importance that the oxides 
I of nitrogen should be low, and they should be kept 
I down to as low as i per cent., or even lower. It is also 
Kvery desirable that the nitric acid should contain *is little ■ 
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ilorinc possible. The roUowing is the analysis of a 
sample of nitric acid, which gave very good results upon 
the commercial scale ; — Specific gravity, I.525, NjO^, 1.03 
per cent. ; nitric acid (HNO.,), 95.58 per cent. 

The amount of real nitric acid (mono-hydrate) and 
the amount of nitric peroxide present in any sample 
should always be determined before it is used for nitrat- 
ing purposes. The specific gravity is not a sufficient 
guide to the strength of the acid, as an acid having a 
high gravity.due to some 3 or 4 per cent of nitric oxides 
in solution, will give very poor nitration results. A tenth 
normal solution of sodium hydroxide (NaOH), with 
phenol-phthalcin as indicator, will be found the most 
convenient method of determining the total acid present. 
The following method will be found to be very rapid 
and reliable: — Weigh a 100 c.c. Ilask, containing a few 
cubic centimetres of distilled water, and then add from 
a pipette 1 cc. of the nitric acid to be examined, and 
rcweigh (this gives the weight of acid taken). Now make 
up to 100 c.c. at 15° C. ; shake well, and take out 10 c.c. 
with a pipette; drain into a small Erlenmcycr flask, and 
add a little of the phenol-phthalein solution, and titrate 
ith Jhe tenth normal soda .solution. 

The nitric peroxide can be determined with a solu- 

in of potassium permanganate of — strength, thus: 

Take a small conical flask, containing about 10 c.c. of 
water, and add from a burette 10 to 16 cc. of the per- 
manganate solution ; then add 2 c.c. of the acid to be 
tested, and shake gently, and continue to add [lerman- 
mate solution as long as it is decolorised, and until a 
it pink colour is permanent. 



Inate solutii 
nt pink co^ 
Exmnf^h.- 



N 



[permanganate 3.16 gnn. per litre. 
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C'.0046 grm. N^Oj, 2 c.c. of sample of acid specific 
gravity t.52 = 3.04 grin, taken for analysis. Took 20 c.c 
permanganate solution, 0.0046 x 20 = . 092 grm. N^O,, and 

'— = 3.03 per cent, NnO.. The specific gravity 

, 3-04 

f.should be taken with an hydrometer that gives the 
I specific gravity directly, or, if preferred, the 2 c.c. of acid 
[ may be weighed. 

A very good method of rapidly determining the 
[ strength of the sulphuric acid is a.s follows : — Weigh out 
I in a smal! weighing bottle, as nearly a.s possible, 2.45 
Igrms. This is best done by running in 1.33 c.c. of the 
I'acid (1.33X 1.84 = 2.447). Wash into a large Erlcnmeycr 
I flask, carefully washing out the bottle, and also the 

stopjrer, &c. Add a drop of phenol -phthalein solution 
I and titrate, with a half norma! solution of sodium hydrate 
I (use a 100 c.c. burette). Then if 2.45 grm. exactly have 
I been taken, the readings on the burette will equal per- 
Icentages of H^SOj (mono-hydrate) ; if not, calculate 
Ithus; — 2.444 S^m. weighed, required 95.4 c.c. NaOH. 
I Then— 

2.444 : 954 ■ '■ 2.45 ; ^=95.64 per cent. H^SO^. 

It has been proposed to free nitric acid from the 
I oxides of nitrogen by blowing compressed air through it, 
I and thus driving the gases in solution out. The acid 
I was contained in a closed lead tank, from which the 
Lescaping fumes were conducted into the chimney shaft, , 
I and on the bottom of which was a lead pi[je, bent in the ! 
[iform of a circle, and pierced with holes, through which I 
I the compressed air was made to pass ; but tlie process 1 
3 not found to be of a very .satisfactory nature, and it ' 
1 certainly better not to allow the formation of these 1 
wmpounds in the manufacture of the acid in the first 
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Stance. Another plan, however, is to heat the acid 
Mtly, and thus drive out the nitrous gases. Both 
jcesses involve loss of nitric acid. 
Having obtained nitric and sulphuric acids as pure 
as possible, the next operation is to mix them. This is 
best done by weighing the carboys in which the acids 
are generally stored licfore the acids are drawn off into 
them from the condensers, and keeping their weights 
constantly attached to them by means of a label. It is 
_then a simple matter to weigh off as many carboys of 
^d as may be required for any number of mixings, and 
ilbtract the weights of the carboys. The two acids 
lould, after being weighed, be poureci into a tank and 
mixed, and subsequently allowed to flow into an acid 
egg or montjus, to be afterwards forced up to the nitrat- 
ing house in the danger area. The montjus or acid ^g 
is a strong cast-iron tank, of either an egg .shape, or a 
I cylinder with a round end. If of the former shape, it 

would lie on its side, and upon the .surface of the ground, 
and would have a manhole at one end, upon which a lid 
I would be strongly bolted down ; but if of the latter shape, 

the lid, of course, is upon the top, and the montjus itself 
is let into the ground. In either case, the jirinciple is the 
same. One pipe, made of stout lead, goes to the bottom, 
and another just inside to convey the compressed air, 
the acids flowing away as the pressure is put on, just as 
blowing down one tube of an ordinary wash-botlle forces 

I the water up the other tube to the jet. The pressure 
bcessary will, of course, vary immensely, and will depend 
Wgon the height to which the acid has to be raised and 
mb distance to be traversed 
■ The mixed acids having been forced up to the danger 
ftea, and to a level higher than the position of the 
n-ating house, should, before being used, be allowed to 
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K>1, and Jeadcn tanks of sufficient capacity to hold at 

enough acid for four or five nitrations should be 

placed in a wooden house upon a level at least 6 or 

I7 feet above the nitrating house. In this house also 

thould be a smaller lead tank, holding, when filled to a 

Krtain mark, just enough of the mixed acids for one 

tfiitration. The object of this tank is. that as soon as the 

1 in charge knows that the last nitration is finished, 

he refills this smaller tank (which contains just enough of 

the mixed acids), and allows its contents to flow down 

I into the nitrating house and into the nitrator, ready for 

next nitration. The nitration is usually conducted 

. vessel constructed of lead, some 4 feet wide at 

&he bottom, and rather less at the top, and about 4 feet 

so high. The size, of course, depends upon the volume 

[of the charge it is intended to nitrate at one operation, 

t it is always better that the tank .should be only two- 

diirds full. A good charge is 16 cwt. of the mi.xed 

Is, in the proportion of three to five ; that is, 6 cwt. 

r nitric acid, and 10 cwL of sulphuric acid, and 247 

3S. of glycerine. 

Upon reference to the equation showing the forma- 
tion of nitro-glycerine, it will be seen that for ever}' 
t lb. of glycerine 2.47 lbs. of nitro-glycerine should be 
Rirnislicd,* but in practice the yield is only about 2I lbs., 
s being accounted for by the unavoidable forma- 
tion of some of the lower nitrate of glycerine (the mono- 
I nitrate), which afterward dissolves in the washing waters, 
c lead tank (Fig. 5) is generally cased in woodwork, with 
1 platform in front for tiie man in charge of the nitrating 
I stand upon, and whence to work the various taps. 



* Thus if 92 lbs. i;]y<x 
= 1.47 Ills. 
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CONSTRUCTION OF THE NiTRATOR. 
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"he top of the tank is closed in with a dome of lead, in 
which is a small glass window, through which the pro- 
gress of the nitrating oijeration can be watched. From 
the top of this dome is a tube of lead which is carried up 
through the roof of the building. It serves as a chimney 
to carr>- off the acid fumes which are given olf during 
the nitration. The interior of this tank contains at least 
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iree concentric spirals of at least i-inch lead pipe, 
through which water can be made to flow during the 
whole o[K;ration of nitrating. Another lead pipe is carried 
through the dome of the tank, as far as the bottom, 
where it is bent round in the form of a circle. Through 
this pipe, which is pierced with small holes, about i 
inch apart, compressed air is forced at a pressure of 
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about 60 lbs, in order to keep the liquids in a state of 
constant agitation during the whole period of nitration. 
There must aho be a rather wide pipe, of say 2 inches 
internal diameter, carried through the dome of the tank, 
which will serve to carry the mixed acid to be used in 
the operation, into the tank. There is still another pipe 
to go through the dome, viz., one to carry the glycerine 
into the tank. This need not be a large bore pipe, as the 
glycerine is generally added to the mixed acids in a thin 
stream (an injector is often used). 

Before the apparatus is ready for use, it requires to 
have two thermometers fixed, one long one to reach to 
the bottom of the tank, and one short one just long 
enough to dip under the surface of the acids. When the 
tank contains its chaise, the former gives the tempera- 
ture of the bottom, and the latter of the top of the 
mixture. The glycerine should be contained in a small 
ci.stern, fixed in some convenient spot upon the wall of 
the nitrating house, and should have a pipe let in flush 
with the bottom, and going through the dome of the 
nitrating apparatus. It mu.st of course be provided with 
a tap or stop-cock, which should be placed just above 
the point where the pipe goes through the lead dome. 

Some method of measuring the quantity of glycerine 
used must be adopted, A gauge-tube graduated in 
inches is a very good plan, but it is e.ssential that the 
graduations should be clearly visible to the operator 
upon the platform in front of the apparatus. A large 
tap made of earthenware (and covered with lead) is 
fixed in the side of the nitrating tank just above the 
bottom, to run off the charge after nitration. This should 
be so arranged that the charge may be at option run 
down the conduit to the next house or discharged into 
a drowning tank, which may sometimes be necessary in 
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cases of decompoHition. The drowning tank is generally 
some 3 or 4 yards long and several feet dceij, lined 
with cement, and placed close outside the building. 

The apparatus having received a charge of mixed 
acids, the water is started running through the pipes 
coiled inside the tank, and a slight pressure of com- 
pressed air is turned on, to mix the acids up well before 
starting. The nitration should not be commenced until 
the two thermometers ri^ister a tem]x:rature of 18" C 
The glycerine tap is then partially opened, and the 
glycerine slowly admitted, and the compressed air turned 
on full, until the contents of the apparatus are in a slate 
of very brisk agitation. A pressure of about 40 lbs. 
is about the minimum (if 247 lbs. of glycerine and 16 
cwt. of acids are in the tank.) If the glycerine tube is 
fitted with an injector, it may be turned on almost at 
once. The nitration will take about thirty minutes to 
complete, but the compressed air and water should be 

I kept on for an additional ten minutes after this, to give 

time for all the glycerine to nitrate. The temperature 
should be kept as low as possible. 

I The chief jmints to attend to during the progress of 

I the nitration are : — 

I. The lem[>erature registered by the two thcr- 

I mometers. 

^^^B 2. The colour of the nitrous fumes given off (as seen 

^^^Hhruugh the little window in the dome of the apparatus), 

^^^^K 3. The pressure of the compressed air as seen from 

^^^Ki gauge fixed upon the air pipe just before it enters the 

^^^H ^parat u 

^^^K 4. The gauge showing the quantity of glycerine used. 

^^^H The temperature, as shown by either of the two ther- 

^^^Bjlpo meters, should not be at any time higher than 25' C. 

^^^h^f it rises much above this point, the glycerine should be 
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at once shut off, and the pressure of air increased for 
some few minutes until the temperature falls, and no 
more red fumes are given off. 

The nitration being finished, the large earthenware 
tap at the bottom of the tank is opened, and the charge 
allowed to flow away down the conduit to the next 
building, i.e., to the separator. 

The nitrating house is best built of wood, and should 
have a close-boarded floor, which should be kept scrupu- 
lously clean, and free from grit and sand. A wooden 
pail and a sponge should be kept in the house in order 
that the workman may at once clean up any mess that 
may be made, and a small broom should be handy, in 
order that any sand, &c., may be at once removed. It 
is a good plan for the nitrator to keep a book in which 
he records the time of starting each nitration, the 
temperature at starting and at the finish, the time 
occupied, and the date and number of the charge, as 
this enables the foreman of the danger area at any time 
to see how many charges have been nitrated, and gives 
him other useful information conducive to safe working. 
Quite lately Edward Liebert has devised an improve- 
ment in the treatment of nitro-glycerine. He adds 
ammonium sulphate or ammonium nitrate to the mixed 
acids during the operation of nitrating, which he claims 
destroys the nitrous acid formed according to the 
equation^ 

{NHJ^SO,-|-2HNO^=HjSO,-|-2N,-t-4HjO. 

I am not aware that this modification of the process of 
nitration is in use at the present time. 

The newly made charge of nitro-glycerine, 
leaving the nitrating house, flows away down the 
duit, either made of rubber pipes, or better 
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^high. 



'oodwork, lined with lead and covered witli lids made 
of wood (in short lengths), in order that by lifting them 
at any point the condition of the conduit can be ex- 
amined, as this is of the greatest importance, and the 
conduit requires to be frequently washed out and the 
sulphate of lead removed. This sulphate always con- 
tains nitro-glycerine, and should therefore be burnt in 
some spot far removed from any danger building or 
magazine, as it frequently explodes with considerable 
violence. 

In works where the manufacture of nitro-glycerine 
is of secondary importance, and some explosive contain- 
ing only perhaps lo per cent of 
nitro-glycerine is manufactured, and 
where 50 or 100 lbs. of glycerine 
are nitrated at one time, a very much 
smaller nitrating apparatus than the 
one that has been already described 
will be probably all that is required. 
In this case the form of apparatus 
shown in Fig. 6 will be found very 
satisfactory. It should be made of 
stout lead (all lead used for tanks, 
Sic., must be " chemical lead "), and 
may be made to hold 50 or too lbs., 
as found most convenient. This ni- 
trator can very well be placed in the 
same house as the separator ; in fact, 
where such a small quantity of nitro- i 
glycerine is required, the whole series ' 
of operations, nitrating, separation, and washing, Sic, 
may very well be performed in the same building, It 
will of course be necessary to place the nitrator on a 
higher level than the separator, but this can easily be 
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done by having platforms of dirTcrL-iit heights, the iiilra- 
tion being performed upon the highest The construction 
of this nitrator is essentially the same as in the larger 
one, the shape only being somewhat different. Two 
water coils will probably be enough, and one thermo- 
meter. It will not be necessary to cover this form in 
wilh \4'oodwork. 



Separation. — The nitroglycerine, together with the 
mixed acids, flows from the nitrating house to the 
separating house, which must be on a lower level than 
the former. The separating house contains a large lead- 
lined tank, closed in at the lop with a wooden lid. into 
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which a lead pipe of lai^e bore is fixed, and which is 
carried up through the roof of the building, and acts as 
a chimney to carry off any fumes. A little glass window 
should be fixed in this pipe in order that the colour of 
the escaping fumes may be seen. The conduit con- 
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ying the nitro-glyccrinc enters the building close 
under the roof, and discharges its contents into the tank 
through the pipe u (Fig. 7). The tank is only about 
two-thirds filled by the charge. There is in the side of 
the tank a small window of thick plate glass, which 
enables the workman to see the level of the charge, and 
also to observe the progress of the separation, which will 
take from thirty minutes to one hour. 

The tank should be in connection with a drowning 
tank, as the charge sometimes gets very dangerous in 
this building. It must also t)e connected by a conduit 
with the filter house, and also to the seconrlary separator 
by another conduit. The tank should also be fitted with 
a compressed air pipe, bent in the form'of a loop. It 
should lie upon the bottom of the vat. The object of 
this is to mix up the charge in case it should get too 
hot through decomposition. A thermometer shonld of 
course bo fi.\ed in the lid of the tank, and its bulb should 
reach down to the middle of the nltro-glycerinc (which 
rests upon the surface of the mixed acids, the specific 
gravity of the nitro-glycerine being 1.6, and that of the 
waste acids 1.7, the composition of the acids is now 1 1 
per cent. IINO^, 67 per cent. H^SOj, and 22 per cent 
water), and the temperature carefully watched. 

if nothing unusual occurs, and it has not been neces- 
sary to bring the compressed air into use, and so disturb 
the process of separation, the waste acids may be run 
away from beneath the nitroglycerine, and allowed to 
flow away to the secondary separator, where any further 
quantity of nitro-glycerine that they contain separates 
out after resting for some days. The nitro-glycerine 
itself is run into a smaller tank in the same house, where 
it is washed three or four time.5 with its own bulk of 
iter, containing about 3 lbs, of carbonate of soda 
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mk in the separating house. This tanlt is half filled with 
water, and the compressed air is turned on from half to a 
quarter of an hour after the introduction of the charge. 
The water is tlien drawn off, and fresh water added. 
Four or five washings are generally necessary. The 
nitro-glyccrine is then run into the next tank (A), the top 
of which is on a level with the bottom of the first one, 
Across the top of this tank is stretched a frame of flannel, 
through which the nitro-glycerine has to filter. This 
removes any solid matters, such as dirt or scum. Upon 
leaving this tank, it pas.ses through a similar flannel 
frame across another tank (n), and is finally drawn off by 
a tap in the bottom of the tank into rubber buckets. 
The taps in these tanks are best made of vulcanite. 

At this stage, a sample should be taken to the 
laboratory and tested. If the sample will not pass the 
tests, which is often the case, the charge must be re- 
washed for one hour, or some other time, according to 
the judgment of the chemist in charge. In the case of 
an obstinate charge, it is of much more avail to wash a 
large number of times with small quantities of water, 
and for a short time, than to use a lot of water and wash 
for half an hour. Plenty of compressed air should be 
used, as the compound nitric ethers which are formed 
are thus got rid of. As five or six charges arc often in 
this house at one time, it is necessary to have as many 
tanks arranged in tiers, otherwise one or two refractory. 
charges would stop the nitrating house and the rest 
of the nitro-glycerine plant. The chief cau.ses of the 
washed material not passing the heat test are, either that 
the acids were not clean, or they contained objectionable 
impurities, or more frequently, the quality of the glycerine 
used. The glycerine used for making nitro-glycerine 

lould conform to the following tests, some of which^ 
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however, are of greater importance than others. The 
t glycerine should — 

1. Have minimiim specific gravity at 15" C. of 1.361. 

2. Should nitrify well. 

3. Separation should be sharp within half an hour, 
without the separation of flocculent matter, nor should 
any white flocculent matter (due to fatty acids) be formed 
when the nitrated glycerine is thrown into water and 
neutralised with carbonate of soda. 

4. Should be free from lime and chlorine, and con- 
tain only traces of arsenic, sulphuric acid, &c. 

5. Should not leave more than 0.25 per cent, of 
inorganic and oi^anic residue together when evaporated | 
in a platinum dish without ebullition (about 160" C.) 

1 or partial decomposition. 

6. Silver test fair. 

7. The glycerine, when diluted one-half, should give 
no deposit or separation of fatty acids when nitric per- 

I oxide gas is pa-S-scd through it. (Nos. i, 2, 3 and 5 are 
) the most essential.) 

The white flocculent matter sometimes formed is a 

I very great nuisance, and any sample of glycerol which 

gives such a precipitate when tried in the laboratory 

should at once be rejected, as it will give no end of 

I trouble in the separating house, and also in the filter 

I house, and it will be very difficult indeed to make the ' 

[ nitro- glycerine pass the heat test. The out-turn of 

nitro -glycerine also will be very low. The trouble will 

I show itself chiefly in the separating operation. Very 

[ often 2 or 3 inches will rise to the surface or hang about 

in the nitro-glycerinc, and at the point of contact between 

it and the mixed acids, and will afterwards be very 

difficult to get rid of by filtration. The material appears 

? partly an emulsion of the glycerine, i 
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due to fatty acids, and as there appears to be no really 
satisfactory method of preventing its formation, or of 
getting rid of it, the better plan is not to use any 
glycerine for nitrating that has been found byex|jeriment 
upon the laboratory scale to give this objectionable 
matter. One of the most useful methods of testing the 
glycerine, other than nitrating, is to dilute the sample 
one-half with water, and then to pass a current of nitric 
peroxide gas through it, when a flocculent precipitate of 
elaidic acid (less soluble in glycerine than the original 
oleic acid) will be formed. Nitrogen peroxide, N^O^, is 
best obtained by heating dry lead nitrate (sec Alien, 
"Commercial Organic Analysis," vol. il, 301). 

When a sample of nitroglycerine is brought to the 
laboratory from the filter house, it should first be examined 
to see that it is not acid. A weak solution of Congo red 
or methyl orange may be used. If it appears to be 
decidedly alkaline, it should be poured into a separating 
funnel, and shaken with a little distilled water. This 
louid be repeated, and the washings (about 400 c.c.) 
into a beaker, a drop of Congo red or methyl orange 

added, and a drop or so of — hydrochloric acid added, 

when it should give, with two or three drops at most, a 
blue colour with the Congo red, or pink with the methyl 
orange, Sic. The object of this test is to show that the 
nitro-glyccrine is free from any excess of soda, i.e., that 
the soda has been properly washed out, otherwise the 

it test will show the sample to be better than it is. 

le heat test must also be applied. 
Upon leaving the filler house, where it has been 
washed and filtered, and has satisfactorily passed the 
heat test, it is drawn olT from the lowest tank in india- 
rubber buckets, and poured down the conduit leading to 
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(he precipitating hoiise, where it is allowed to stand for 

k day, or sometimes longer, in order to allow the little 

Ifvater it still contains to riye to the surface. In order 

D accomplish this, it is sufficient to allow it to stand in 

»vered-in tanks of a conical form, and about 3 or 4 feet 

In many works it is previously filtered through 

mmon salt, which of course absorbs the last traces of 

It is then of a pale yellow colour, and should be 

Iquite clear, and can be drawn off by means of a tap (of 

' vulcanite), fixed at the bottom of the tanks, into rubber 

buckets, and is ready for use in the preparation of 

dynamite, or any of the various forms of gelatine com- 

|i pounds, smokeless powders, &c., such as cordite, ballistJte, 

IRnd many others. 

The Waste Acids. — -The waste acids from the 

Separating house, from which the nitroglycerine has 

leen as completely separated as possible, are run down 

' the conduit to the secondary separator, in order to 

recover the lasttracesofnitro-glycerine that they contain. 

The composition of the waste acids is generally some- 

• what as follows: — Specific gravity, 17075 at 15° C. ; 

ulphuric acid, 67.2 per cent. ; nitric acid, 1 1.05 per cent. ; 

!and water, 21.7 i^er cent., xvith perhaps as much as 2 per 

:ent. of nitric oxide, and of course varying quantities 

of nitro-glycerino, which must be separated, as it is 

^impossible to run this liquid away (unless it can be run 

■into the sea) or to recover the acids by distillation as 

Etong as it contains this substance. The mixture, thcre- 

■Ibre, is generally run into large circular lead-lined tanks, 

Vcovered in, and very much like the nitrating aaiB 

■ in construction, that is. they contain woi 

■ inside, to allow of water being run th 
Imixturc cool, and a compressed a 
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'Ogitate the mixture if necessary. The top also should 
contain a window, in order to allow of the interior being 
seen, and should have a leaden chimney to carry off 
the fumes which may arise from decomposition. It is 
also useful to have a glass tube of 3 or 4 inches in 
diameter substituted for about a foot of the lead chimney, 
in order that the man on duty can at any time see the 
h<?)Iour of the fumes arising from the liquid. There 
lould also be two thermometers, one long one reaching 
:o the bottom of the tank, and one to just a few inches 
below the surface of the liquid. 

The nitro-glycerine, of course, collects upon the surface, 
and can be drawn off by a tap placed at a convenient 
height for the purpose. The cover of the tank is 
generally conical, and is joined to a glass cylinder, which 
i.s cemented to the top of thi.s lead cover, and also to the 
lead chimney. In this glass cylinder is a hole into 
which fits a ground glass stopper, through which the 
nitro-glycerine can be drawn off. There will probably 
never be more than an inch of nitro-glycerine at the 
most, and seldom that. It should be taken to the filter 
house and treated along with another charge. The acids 
'themselves may either be run to waste, or better treated 
by some denitration plant This house probably requires 
more attention than any other in the danger area, on 
account of the danger of the decomposition of the small 
quantities of nitro-glycerine, which, as it is mixed with 
such a large quantity of acids and water, is very apt 
:i inc hot. and decomposition, which sets up in 
.' re a little globule of nitro-glycerine is floating, 
-... . ,.i.jd by acids that gradually get hot, gives off 
and perhap.s explodes, and thus causes 
in of the whole. The only way to 
workman in charge to look at the 
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lheriiioiiictcrsy>-(*(/Ht'«//j', and at the colour of tlie escaping 
fumes, and if ho should notice a rise of temperature or 
any appearance of red fumes, to turn on the water and 
air, and stir up the mixture, when probably the tem- 
perature will suddenly fall, and the fumes cease to 
come off. 

The cause of explosions in this building is either the 
non-attention of the workmen in charge, or the bursting 
of one of the water pipes, by which means, of course, the 
water, finding its way into the acids, causes a sudden rise 
of temperature. If the latter of these two causes should 
occur, the water should at once be shut off and the air 
turned on full, but if it is seen that an explosion is likely 
to occur, the tank should at once be emptied by allowing 
its contents to run away into a drowning tank placed 
close outside the house, which should be about 4 feet 
deep, and some 16 feet long by 6 feet wide ; in fact, large 
enough to hold a considerable quantity of water. But 
this last course should only be resorted to as a last 
extremity, as it is extremely troublesome to recover the 
small quantity of nilro-glycerine from the bottom of 
this tank, which is generally a bricked and cemented 
excavation some few yards from the house. 

It has been proposed to treat these waste acids, con- 
taining nitro-glycerine, in Mr M. Prentice's nitric acid 
retort. In this case they would be run into the retort, 
together with nitrate of soda, in a fine stream, and the 
small quantity of nitro-glycerine, coming into contact 
with the hot mixture already in the retort, would pro- 
bably be at once decomposed. This process, although 
not yet tried, promises to be a success. Several processes 



have been used for the denitration of these acids. One m 

that has been largely used is to run the acids down a ■ 

l^^^^tower through which a current of steam is made to pass ■ 



GUTTMANN'S AND PRENTICE'S NITRIC ACID PLANT. 4I 

in the opposite direction. The action of the steam is 
to decompose the nitro-glycerine. The acids obtained, 
however, are very weak. By the u.se of Webb's plant 
the sulphuric acid may be concentrated to a strength of 
95 i^er cent., and the dihite nitric acid can be brought up 
to a specific gravity of i .43. 

Two points in the manufacture of nitro-glyccrine are 
of the greatest importance, viz., the purity of the glycerine 
u.sed, and the strength and purity of the acids used in 
the nitration. With regard to the first of these, great 
care should be taken, and a complete analysis and 
thorough examination, including a preliminary experi- 
mental nitration, should always be instituted. As regards 
the second, the sulphuric acid should not only be strong 
(96 per cent.), but as free from impurities as possible. 
With the nitric acid, which is generally made at the 
explosive works where it is used, care must be taken 
that it is as strong as possible (97 per cent, and upward.s). 
This can easily be obtained if the plant designed by Mr 
Oscar Guttmann* is used. Having worked Mr Gutt- 
mann's plant for some time, I can testify as to its value 
and efficiency. 

Another form of nitric acid plant, which promi.ses to 
be of considerable service to the manufacturer of nitric 
acid for the purpose of nitrating, is the invention of Mr 
Manning Prentice, of Stowmarket. Through the kind- 
ness of Mr Prentice, I lately visited his works to see the 
plant in operation. It consists of a still, divided into 
compartments or chambers in such a manner that the 
fluid may pass continuously from one to the other. The 
nitric acid being continuously separated by distillation, 
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the contents of each division vary — the first contalm 
the full proportion of nitric acid, and each succeeding 
one less of the nitric acid, until from the overflow of the 
last one the bisulphate of soda flows away without any 
nitric acid. The nitrate of soda is placed in weighed 
quantities in the hopper, whence it passes to the feeder. 
The feeder is a miniature horizontal pug-mill, which 
receives the streams of sulphuric acid and of nitrate, and 
after thoroughly mixing them, delivers them into the 
still, where, under the influence of heat, they rapidly 
become a homogeneous liquid, from which nitric acid 
continuously distils. 

Mr Prentice says r " I may point out that while the 
ordinary process of making nitric acid is one of fractional 
distillation by time, mine is fractional distillation by 
space," " Instead of the operation being always at the 
same point of space, but differing by the successive 
points of time. I arrange for the differences to take place 
at different points of space, and these difl'erences exist at 
one and the same points of time." It is possible with 
this plant to produce the full product of nitric acid of a 
gravity of 1.500, or to obtain the acid of varying strengths 
from the different still-heads. One of these stills, capable 
of producing about 4 tons of nitric acid per week, 
weighs less than 2 tons. It is claimed that there is by 
their use a. saving of more than two-thirds in fuel, and 
four-fifths in condensing plant Further particulars and 
illustrations will be found in Mr Prentice's pa|KT 
{Journal of the Society of Chemical Inditilry, 1894, 
P- 323)- 
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DYNAMITE AND GELATINES. 

Kicsclguhr Dynamile ^ Clissificalion of Dynamilcs ^ Propcrli*^ iinil 
:icncy uf Ordinary Dynamite — Olher Forms of Dynnmite— ( Iclaline 
nnil (ielaiine Dynaniiii^, Suitable Gun-CoUun Cur, and Trualnicnt of 
— OlhcT Mnterials used— Com puM I ion of Gcligniie— Blasting Gelatine 
— UcUtine I>yiiamile — Absorbing Malerials— Wood Pulii — Potussiam 
ITitiale, &c.— Manufacture and Apparatus useil, anil Pru]«nieB of 
Gelatine Dynimlli;s — CorJile — Cumpoiilion and Manu&clurc. 

Dynamite. — Dynamite consists of nitro-glycerine 

dthcr absorbed by some porous material, or mixed with 
somt; other substance or substances which are either 
explosives or merely inert materials. Among the porous 
substances used is kieselguhr, a silicious earth which 
consists chiefly of the skeletons of various species of 
diatoms. This earth Dccurs in beds chiefly in Hanover, 
Sweden, and Scotland. The best quality for the purpose 
of manufacturing dynamite is that which contains (he 
largest quantity of the long tubular bactllaritSf and less 
of the round and lancet-shaped forms, such as pUuro- 
sigmata and dictyochem, as the tube -shaped diatoms 
absorb the nitro-glycerine better, and it becomes packed 
into the centre of the silicious skeleton of the diatoms, 
the skeleton acting as a kind of tamping, and increasing 
the intensity of the explosion. 

Dynamites are classified by the late Colonel Cundill, 
R.A., in his " Dictionary of Explosives " as follows : — 

[, Dynamites with an inert base, acting merely as 
an absorbent. 
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2. Dynamites with an active base, i.i:, an irxplosive 
base. No. 2 may be again divide'! into three minor 
classes, which contain as base — 

(«,) Charcoal. 

(b.) Gunpowder or other nitrate, or chlorate mixture. 

(c.) Gun-cotton or other iiitro compound (nitro- 
benKol. &c.). 

The first of the.se, viz., charcoal, was one of the first 
absorbents for nitro-glycerine ever used ; the second is 
represented by the well-known Atlas [>owdcr; and the 
last includes the well-known and largely used gelatine 
compounds, viz., gelignite and gelatine dynamite, and" 
also tonitc No. 3, &c. 

In the year 1867 Nobel produced dynamite by 
absorbing the nitro -glycerine in an inert substance, form- 
ing a plastic mass. In his patent he says; "This 
invention relates to the use of nitro- glycerine in an altered 
condition, which renders it far more practical and safe 
for use. The altered condition of the nitro-glycerine is 
effected by causing it to be absorbed in porous un- 
expiosive substances, such as charcoal, silica, paper, or 
similar materials, whereby it is converted into a powder, 
which I call dynamite, or Nobel's safety powder. Hy 
the absorption of the nitro-glycerine in some porous 
substance it acquires the property of being in a high 
degree insen.sible to shocks, and it can also be burned 
over a fire without exploding." 

Ordinary dynamite consi.sts of a mixture of 75 per 
cent, of nitro-glycerine and 25 per cent, of kieselguhr. 
The guhr as imported (Messrs A, Haake & Co, are the 
chief importers) contains from 20 to 30 per cent, of water 
and organic matter, The water may be very easily 
estimated by drying a weighed quantity in a platinum 
crucible at 100° C. for some time and reweighing, and the 
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organic matter by igniting the residue strongly over a 
Bunsen burner. Before theguhr can be used for making 
dynamite it must be calcined, in order not only to get rid 
of moisture, but also the organic matter. 

A good guhr should ab.sorb four times its weight of 
nitro-glycerine, and should then form a comparatively 
dry mixture. It should be pale pink, red brown, or white. 
The pink is generally preferred, and it should be as free 
as possible from grit of ail kinds, quartu particles, &c., 
and should have a smooth feeling when rubbed between 
the finger and thumb, and should .show a large quantity 
of diatoms when viewed under the microscope. The 
following was the analysis of a dried sample of kiescl- 
guhr;— Silica, 94.30 ; magnesia, 2.10 ; oxide of iron and 
alumina, 1.3; organic matter, 0.40; moisture, 1.90 percent. 

The guhr is generally dried in a revcrberatory muffle 
furnace. It is spread out on the bottom to the thick- 
ness of 3 or 4 inches, and should every now and then 
be turned over and raked about with an iron rabble or 
hoe. The temperature should be sufficiently high to 
make the guhr red hot, or the organic matter will not be 
burnt off. The time occupied in calcining will depend 
of course upon the quality of the guhr being operated 
upon. Those containing a high [jcrcenlage of water and 
organic matter will of course take longer than those 
that do not. A sample of the calcined guhr should not 
contain more than 0.5 per cent, of moisture and organic 
matter together. 

After the guhr is dry it requires to be sifted and 
crushed. The crushing is done by passing it between 
iron rollers fixed at the bottom of a cone or hopper, and 
revolving at a moderate speed. Beneath the rollers a 
fine sieve should be placed, through which the guhr 

;st be made to pass. 
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The kicselguhr having been dried, crushed, and sifted, 
should be packed away in bags, and care should be 
taken that it does not again absorb moisture, as if it 
contains anything above about five-tenths per cent of 
water it will cause the dynamite made with it to exude. 
The guhr thus prepared is taken up to the danger area, 
and mixed with nitro-glycerine. The nitroglycerine 
used should be quite free from water, and clear, and 
should have been standing for a day or two in the pre- 
cipitating house. The guhr and nitro-glycerine arc 
mixed in k'ad tanks (about i^ feet deep, and 2 to 
3 feet long), in the proportions of 75 of the nitro- 
glycerine to 25 of the guhr, unless the guhr is found to 
be too absorbent, which will cause the dynamite to be 
too dry and to crumble. In this case a small quantity 
of barium sulphate, say about i per cent, should be 
added to the guhr. This will lessen its absorbing 
powers, or a highly absorptive sample of guhr may be 
mixed with one of less absorptive power, in the propor- 
tions found by experiment to be the best suited to make 
a fairly moist dynamite, but one that will not exude. 

The mixing ibiclf is generally performed in a separate 
house. In a series of lead-lined tanks the guhr is weighed, 
placed in a tank, and the nitro-glycerine poured on to it 
The nitro-glycerine may be weighed out in indiarubber 
buckets, The whole is then mixed by hand, and well 
rubbed between the hands, and afterwards passed through 
a sieve. At this stage the dynamite should be dry and 
powdery, and of a uniform colour. 

It is now ready to be made up into cartridges, and 
should be taken over to the cartridge huts. These arc 
small buildings surrounded with mounds, and con- 
tain a single cartridge machine. Each hut requires three 
girls— one to work the press, and two to wrap up the 




rcartridges. The cartridge press consists of a short 
cylinder of the diameter of the cartridge that it is in- 
tended to make. Into this cylinder a piston, pointed 
with ivory or lignum vitie wood, works up and down 
from a spring worked by a lever. Round the upper edge 
of the cylinder is fa.stencd a canvas bag, into which the 
powdery dynamite is placed by means of a wooden 
scoop, and the descending piston forces the dynamite 
down the cylinder and out of the open end. where the 
compressed dj'namitc can be broken off at convenient 
lengths. The whole machine should be made of gun- 
metal, and should be upright against the wall of the 
building. The two girls, who sit at tables placed on each 
side of the press, wrap the cartridges in parchment pajier. 
From these huts the cartridges are collected by boys 
every ten minutes or a quarter of an hour, and taken to 
the packing room, where they are packed in 5 lb. card- 
board boxes, which are then further packed in deal 
boxes lined with indiarubber, and fastened down air 
tight. The wooden lids arc then nailed down with brass 
or zinc nails, and a label pasted on the outside giving 
the weight and description of the contents. The boxes 
should then be removed to the magazines. It is well to 
take a certain number of cartridges from the packing 
house at different times during the day, say three or four 
samples, and to test them by the heat test. A sample 
cut from a cartridge, about 1 inch long, should be 
placed under a g!a.ss shade, together with water (a large 
desiccator, in fact), and left for some days. A good 
dynamite should not, under these conditions, show any 
signs of exudation, even after weeks.* 
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For anniysis itf dynamilc, sec chapter on " Annlysi) 
■uthor's arlicle in Chcm. Nnvs, 23rd September 1393, 
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Properties of Kieselguhr Djmamite. — One cubic 

I foot of dynamite weighs 76 lbs. 4 ol. The specific 

L gravity of 75 per cent, dynamite is, however, 1,5a It 

p is a red or grey colour, and rather greasy to the touch. 

I' (t is much less sensitive to shock than nitro-glycerine, but 

r explodes occasionally with the shock of a rifle bullet or 

when struck. The addition of a few per cent, of camphor 

will considerably diminish its explosive qualities to such 

an extent that it can be made non-explosive except to 

I very strong fulminate detonator. The direct contact 

► of water disintegrates dynamite, separating the nitro- 

I glycerine, hence great caution is necessary in using it 

in wet places. It freezes at about 40' F'ahr,, and remains 

frozen at temperatures considerably exceeding that point 

When fro/cn, it is comparatively useless as an explosive 

;nt, and must be thawed with care. This is best done 

f by placing the cartridges in a warming pan, which con- 

I sists of a tin can, with double sides and bottom, into 

I which hot water (130* Fahr.) can be poured. The dyna- 

[ mite will require to be left in for some considerable time 

I before it becomes soft. On no account must it be placed 

L on a hot stove or near a fire, as many serious accidents 

Lbavc occurred in this way. 

P'rozen dynamite is a hard mass, with altered pro- 
L perties, and requires 1.5 grm. of fulminate instead of 
1 0.5 grm. to explode it Thawing may also cause exuda- 
l tion of the nitro-glycerine, which is much more sensitive 
1 to shock, and if accidentally struck with an iron tool, may 
I explode. It is a dangerous thing to cut a frozen cartridge 
■ with a knife. Ramming is even more dangerous ; in fact 
rit is not only dangerous, but wasteful, to use dynamite 
\ when in a frozen state. 

Dynamite explodes at a temperature of 360° Fahr., 
' and is very sensitive to friction when hot. In hot 




■.tountries it should never be exixised to the rays of the 
sun. It sliould. however, not be kept hi a damp or moist 

place, as this is liable to cause exudation. Sunlight, if 
direct, can cause a slow decomposition, as with al! nitro 
and nitric compounds. Electric sparks ignite, without 
exploding it, at least when operating in the open air. 

Dynamite, when made with neutral nitro-glycerine, 
appears to keep indefinitely. Sodium or calcium car- 
bonate to the extent of i per cent, is often added to 
dynamite to ensure its being neutral. If it has commenced 
to undergo change, however, it rapidly becomes acid, and 
sometimes explodes spontaneously, especially if contained 
in resisting envelopes. Nevertheless, neutral and well- 
made dynamite has been kept for years in a magazine 
without loss of its explosive force. If water is brought 
into contact with it, the nitro-glycerine is gradually dis- 
placed from the silica (guhr). This action tends to render 
ail wet dynamite dangerous. 

It has been observed that a dynamite made with wood 
sawdust can be moistened and then dried without marked 
alteration, and from 15 to 20 per cent, of water may be 
added to cellulose dynamite without depriving it of the 
power of exploding by strong detonator (this is similar 
to wet gun-cotton). It is, however, rendered much less 
sensitive to shock. With regard to the power of No, i 
dynamite, experiments made in lead cylinders give the 
relative value of No. i dynamite, 1.0; blasting gelatine, 
14 ; and nitro-glycerine, 1.4, The heat vibrated by the 
sudden explosion of dynamite is the same as its heat of 
combustion," and proportionate to the weight of nitro- 
glycerine contained in the mixture. The gases formed 
are carbonic acid, water, nitrogen, and oxygen. 



L 



• Qerthelot, " Explosives and iheir Power." 
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The " explosive wave " (of Berthelot) for dynaifl 
about S,ooo metres per second. At this rate the explosion 
of acartridgc a foot long would only occupy nh^tt part 
of ii second, while a ton of dynamite cartridges about 
i diameter, laid end to end, and measuring one mile in 
length, would be exploded in one-quarter of a second by 
detonating a cartridge at either end.* Mr C. Napier 
Make, F.I.C'.,thc inspector of Explosives for the Victorian 
(iovcrnment, in his paper, " Notes on Explosives," says : 
" The theoretical cfRciency of an explosive cannot in 
|trncticc be realised in useful work for several reasons, as 
for inntunce in blasting rock — 

" I. Inconijiletc combustion. 

" 2. Compression and chemical changes induced in 
Hiirroiinding material. 

" j. Energy expended in cracking and heating of the 
mfltorlal which is not displaced. 

" 4. The escape of gas through the blast-hole and the 
ditaiirk'v caused by the explosion. 

" Tlln Useful work consists partly in displacing the 
•llHtli'inl inni4!<e.s. The proportion of useful work obtain- 
hIiId hmi boon variously estimated at from 14 to 33 per 
i:nnt. I'f lIlP Ihooreticnl maximum potential." 

Ainnnu the vaHous forms of dynamite that are ' 
(n«'Ult'm"lur«d U irrtrhn-tlynamilc, the invention of Messrs 
Wpillwr I'', kfid tiuil W. 1). Horlmid, The base is nitro- 
ij|yi;ii|lni', iiiiil 1I1U idiBorbent is carbon in the form of 
\i»r\\\ cin'k 1 1 In itH chnap OHoriiinary dynamite, and has 
IftiHtcr BXiiluiivw furco, aoelnu that 90 i>er cent, of the 
llvtlim lit plliti nUrihttlyi:orlni>, und the absorbent itself 
cnmbtitttlUk U U al^to claimed that if this 
f'^Uu tioa^nio wet, m> exudtttion tnkea place. 1 

HlvM/Vt**- 5*- Ci*m. /*/., 1S89. 



ASTING GELATINE AND GELATINE DYNAMITE. Jl 

Atlas powder is a dynamite, chiefly manufactured in 
America at the Repanno Chemical Works, I'hiladelphia. 
It is a composition of nitro-glycerine. wood-pulp, nitrate 
of soda, and carbonate of magnesia. This was the explo- 
sive used in the outrages committed in London, by the so- 
called "dynamiters." UifiTercnt varieties contain from 
20 to 75 per cent, of nitro-glycerine. 

The Rhenish dynamite, considerably used in the 
mines of Cornwall, is composed of 70 parts of a solution 
of 2 to 3 per cent, of naphthaline in nitro-glycerine, 3 
parts of chalk, 7 parts of sulphate of barium, and 20 
of kicseiguhr. 

Kieselguhr dynamites are being largely given up in 
favour of gelatine explosives. The late Colonel Cundili, 
in his " Dictionary of Explosives," gives a list of about 
125 kinds of dynamites. Manyof these, however, are not 
manufactured. Among the best known after the ordinary 
No, 1 dynamite, are forcite, ammonia dynamite, litho- 
fracteur, rcndrock, .Atlas powder, giant powder, and the 
various explosive gelatines. They all contain nitro- 
glycerine, mixed with a variety of other substances, such 
as absorbent earths, wood-pulp, nitro-cotton, carbon in 
some form or other, nitro-benzol, paraffin, sulphur, nitrates, 
or chlorates, &c., &c. 

Blasting Gelatine and Gelatine Djmamite. — The 

gelatine explosives chiefly in use are known under the 
names of blasting gelatine, gelatine dynamite, and 
gelignite. They all consist of the variety of nitro- 
cellulose known as collodion-cotlon, i.e., a mixture of 
the pen ta- and tetra-nitratcs, dissolved in nitro-glycerine, 
and made up with various proportions of wood-pulp, and 
some nitrate, or other material of a similar nature. As 
the gun-cotton contains too little oxygen for cQm^lc\.c 
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combustion, and the iiitro -glycerine an excess 
of the two substances is very beneficial. 

Blasting gelatine consists of collodion-colton and 
nitro-glycerinc without any other substance, and was 
patented by Mr Alfred Nobel in 1875. It is a clear, 
semi-transparent, jelly-like substance, of a specific gravity 
of i-S to 1.5s, slightly elastic, resembling indiarubber, 
and generally consists of 92 per cent, to 93 per cent, of 
nitro-glycerine, and 7 to 8 per cent, of nitro-cotton. The 
cotton from which it is made should be of good quality. 
The following is the analysis of a sample of nitro -cellulose 
which made very good gelatine : — 

SolublecoUon - - 99.1 18 percent. 

Gun-cotton .... 0.642 „ 

Non-nitraied cotton - 0.240 „ 

Nitrogen - . . . 11.64 .1 

Total ash .... aij „ 

The soluble cotton, which is a mixture of the tctra- 
and pen ta-n it rates is soluble in ether-alcohol, and also 
in nitro-glycerine, and many other solvents, whereas the 
hexa- nitrate (gun-cotton), Ci2H„0,(0N0;,)a, is not 
soluble in the above liquids, although it is soluble in 
acetone or acetic ether. It is very essential, therefore, 
that the nitro-cotton used in the manufacture of the 
gelatine explo.sives should be as free as possible from 
gun-cotton, otherwise little lumps of undissolved nitro- 
cotton will be left in the finished gelatine. The non- 
nitrated or unconverted cotton should also be very low, . 
in fact considerably under J per cent. 

The nitro-cotton and the nitro-glycerine tised should 
always be tested before use by the heat test, because if 
they do not separately stand this test, it cannot be 
expected that the gelatine made from them will do so. 

often occurs, however, that although both the in- 
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gredients stand this test separately before being mixed, 
that after the process of manufacture one or other or 
both fail to do so. 

The nitro-cotton most suitable for gelatine making is 
that which has been finely pulped. If it is not already 
fine enough, it must be passed through a fine brass wire 
sieve. It will be found that it requires to be rubbed 
through by hand, and will not go through at all if in the 
least degree damp. It is better, therefore, to dry it first. 
The percentage of nitrogen in the nitrated cotton should 
be over 1 1 percent. It .should be as free as possible from 
sand or grit, and should give but little ash upon ignition, 
not more than 0.25 per cent. The cotton, which is 
generally packed wet in zinc-lined wooden bo.\es, will 
require to be dried, as it is very essentia! indeed that 
none of the materials used in the manufacture of gelatine 
should contain more than the .slightest trace of water. 
If they do, the gelatine subsequently made from them 
will mo.st certainly exude, and become dangerous and 
comparatively valueless. It will also be much more 
difficult to make the nitro-cotton dissolve in the nitro- 
glycerine if either contains water. 

In order to find out how long any sample of cotton 
requires to be dried, a sample should be taken from the 
centre of .several boxes, well mixed, and about i.ooo 
grm.s. spread out on a paper tray, weighed, and the 
whole then placed in the water oven at 100" C, and dried 
for an hour or so, and again weighed, and the percentage 
of moisture calculated from the lo.>!s in weight. This will 
be a guide to the time that the cotton will probably 
require to be in the drying house. Samples generally 
contain from 20 to 30 i)cr cent, of water. After drying 
for a period of forty-eight hours, a sample should be 
again dried in the oven at 100° C, and the moisture 



i ury iiuru-L'uiLuii aiwuri 
as 2 per cent, of moisture from the air i 
temperatures and average dryness. 

The drying house usually consists of 
building, the inside of which is fitted with 
rather framework to contain drawers, madi 
with brass or copper wire netting bottoms. 
of hot air is made to pass through the shelve 
the surface of the cotton, which is spread out 
* to the depth of about 2 inches. This current 
be obtained in any way that may be found c 
such as by means of a fan or Root's blnwt 
being passed over hot bricks, or hot-water pi| 
entering the building. The cotton shouU 
occasionally turned over by hand in order tfi 
surface may be continually exposed to the act 
hot air. The building itself may be heated by 
hot-water pijKs, but on no account should any o 
be exposed. They should all be most careful! 
over with wood-work, because when the dry ni 
is moved, as in turning it over, very fine particli 
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and a thermometer hung up somewhere about the 
centre of the house, and one .should also be kept in one 
of the trays to give the temperature of the cotton, 
especially the bottom of the trays. The one nearest to 
the hot air inlet should be selected. If the temperature 
of the house is kept at about 40' C. it will be quite high 
enough. The building must of course be properly venti- 
lated, and it will be found very useful to have the walls 
made double, and the intervening space filled with cinders, 
and the roof covered with felt, as this helps to prevent the 
loss of heat through radiation, and to preserve a uniform 
temperature, which is very desirable, 

7"he dry cotton thus obtained, if not already fine 
enough, .should be sifted through a brass sieve, and 
packed away ready for use in zinc air-tight cases, or in 
indiarubber bags. The various gelatine compounds, 
gelignite, gelatine dynamite, and blasting gelatine, are 
manufactured in exactly the same way. The forms 
known as gelatine dynamite differ from blasting gelatine 
in containing certain proportions of wood-pulp and 
potassium nitrate, &c. The following are analyses of 
some typical samples of the three compounds: — 

CcHgnilB. OrnamiK. C.iwiflf 

Nitro-glyccrinc - 60.514 71.128 92.Q4 per cenL 

Nitro-celliilose - - 4.888 7.C.32 7,06 ., 

Wood-pulp - - 7.178 4.259 ... „ 

Polassiiim nilralc - 17.420 i6,7Jo ... „ 

Water- - - . ,.. 0.261 ... „ 

The gelignite and gelatine dynamites consi.st, there- 
fore, of blasting gelatine, thickened up with a mixture of 
absorbing materials. Although the blasting gelatine is 
weight for weight more powerful, it is more difficult to 
make than either of the other two compounds, it being 
somewhat difficult to make it stand the exudation and 
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melting tests. The higher percentage of nitro-cotton, 

too, makes it expensive. 

When the dry nitro-cotton, which has been carefully 
weighed out in the proportions necessary cither for 
blasting gelatine or any of the other gelatine explosives, 
is brought to the gelatine making house, it is placed in a 
lead-lined trough, and the necessary quantity of pure dry 
nitro -glycerine poured upon it. The whole is then well 
stirred up, and kept at a temperature of from 40' to 
45° C. It should not be allowed to go much above 
40° C. ; but higher tcm[>eratures may be used if the nitro- 
cotton is very obstinate.* and will not dissolve. Great 
caution must, however, be observed in this ca.sc. The 
mixture should be constantly worked about by the 
workman with a wooden paddle for at least half an hour. 
At a temperature of 40" to 45° the nitro-glycerine acts 
upon the nitro-cotton and forms a jelly. Without heat 
the gclatini.sation i.s very imperfect indeed, and at tem- 
peratures under 40° C. takes place very slowly. The 
limit of temperature is 50° C. or thereabout. Beyond this 
the jelly should never be allowed to go, and to 50° only 
under exceptional circumstances. 

The tank in which the jelly is made is double lined. 
in order to allow of the passage of hot water between its 
inner and outer linings. A series of such tanks are 
generally built in a wooden framework, and the double 
linings arc made to communicate, so that the hot water 
can flow from one to the other consecutively. The tem- 
perature of the water should be about 60° C. if it is 
intended to gelatinise at 45° C, and about 80" if at 
50° C. ; but this point must, of course, be found by ex- 
periment for the particular plant used. An arrangement 

■* Generally due to the nitro-cotton Ijeing damp. 
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luld be made to enable the workman to at once cut 
off the supply of hot water and pass cold water through 
the tanks in case the explosive becomes too hot. 




The best way to keep the tciTi|K;ratLirc of the water 
constant is to have a large tank 
of water raised upon a platform, ( 
some s or 6 feet high, outside the 
building, which is automatically 
supplied with water, and into which M 
steam i.s turned. A thermometer * 
stuck through a piece of cork and 
floated upon the surface of the tank 
will give the means of regulating i»'''wiilf»^^&"VF°i!ioBimn" 
the temperature. miw*. 

When the jelly in the tanks has become semi- 
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transparent, and the cotton has entirely dissolved, the 
mixture should be transferred to a mixing machine. 
An ordinary bread -kneading machine docs very well. 
It must, of course, be made of gun-metal or phosphor 
bronze. There must be no iron about the working 
parts, and the bearings must be carefully looked to. 




Fic. loit.— Mr M'Sonams' foBM op MiKiin ton Celaiine Exri.oiiVBt. 



A suitable masticating machine for this purpose i.s 
supplied by Messrs Werner & Pfleiderer of London (Fig. 
9), or George M'Roberts'* machine (Fig. 10, a and l>) 



L 



• See/our. Sac. Chtm. Ind., 1890, 267. 
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I be used. This latter is the form of mixer that is 
Kd at Nobel's factories. 
If it is ititcndcd to make fjeh'gnitc, or gelatine 




dynamite, it is at this point that the proper proportions 

of wood-pulp* and potassium nitrate should bo added, 

• Most of the wood-pulp used in England is obtained from pine- 
trees, Init poplar, lime, birch, and beech wood is also used. Tl is 
chiefly imiiorted as wood-pulp. The pulp is prepared as follows : — 
The bark and roots arc first removed, and the logs then sawn into 
boards, from which the knots are removed. The pieces of wood are 
afterwards put through amachine which breaks them up into smalt 
pieces about an inch long, which arc then crushed between rollers. 
These fragmenls arc finally boiled with a solution of sodium bisul- 
phite, under a pressure of about 90 lbs, |Jcr square inch, the duration 
of the boiling being from ten to twelve hours. Sulphurous acid has 
also been used. Pine-wood yields about 45 per cent, and birch 
about 40 per cent, of pulp when treated by this process. The pulp 
is afterwards bleached and washed, &c. The following analysis of 
woods arc by Ur H. Miiller : — 



Cellulose - ■ 55,52 
Resin - - - 1,14 
Aqueous extract 2,65 
Water - - 12.48 
Ligninc - - 33.31 



45.47 53.09 56.99 63.77 pcrc 



>3-87 
16.91 
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and the whole well mixed for at least half an hour, 
until the various ingredients arc thoroughly incorporated 
These mixing machines can cither be turned by hand, 
or a shaft can be brought into the house and the machine 
worked by means of a belt at twenty to thirty revolu- 
tions per minute. The bearings should be kept con- 
stantly greased and examined, and the explosive mixture 
carefully excluded. When the gelatine mixture has 
been thoroughly incorporated, and neither particles of 
nitrate or wood meal can be detected in the mass, it 
should be transferred to wooden boxes and carried away 
to the cartridge-making machines to be worked up into 
cartridges. 

The application of heat in the manufacture of the 
jelly from collodion -cotton and nitro -glycerine is ab.so- 
lutely necessary, unless some other solvent is used 
besides the nitro-glycerine, such as acetone, acclic ether, 
methyl, or ethyl alcohol. (They arc all too expensive, 
with the exception of acetone and methyl alcohol, for 
use upon the large scale.) These liquids not only 
dissolve the nitro-ccllulose rn the cold, but render the 
resulting gelatine compound less sensitive to concussion, 
and reduce its quickness of explosion (as in cordite). 
They also lower the temperature at which the nitro- 
glycerine becomes congealed, i.e., they lower the freezing 
point* of the resulting gelatine. 

The finished gelatine paste, upon entering the car- 
tridge huts; is at once transferred to the cartridge-making 
machine, which is very like an ordinary sausage-making 
machine-f- (Fig. 1 1). The whole thing must be made of 
gun-metal or bra.ss, and it consists of a conical case con- 

* It has been proposed 10 mix dynnmite with aniyl alcohol for 

i purpose. 

t G. M'Robcrts, /o«r. Soc. Cirm. /nrf.,3isl March 1890, p. 266. 
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taining a shaft and screw. The revolutions of the shaft 

causes the thread of the screw to push forward the 

gelatine introduced by the hopper on the top to the 

nozzle, the apex of the cone shaped case, from whence 

elatiiie issues aa a continuous rope. The nozzle is 

if course of a diameter according to the size of cartridge 

quired. 

The issuing gelatine can of course be cut off at any 

length. This is bcdt done with a piece of hard wood 

planed down to a cutting edge, i.e., wedge-shaped. Mr 

Trench has devised a kind of brass frame, into which the 

[elatine issukig from the nozzle of the cartridge machine 

forced, finding its way along a series of grooves. 

fWhcn the frame is full, a wooden frame, which is hinged 




e end of the bottom frame, and fitted with a series of 
iss knives, is shut down, whereby cutting the gelatine 
3 into lengths of about 4 inches. 

It is essential that the cartridge machines should 
lave no metallic contacts inside. The bearing for the 
V shaft must be fixed outside the cone containing 
;elatine. One of these machines can convert from 
J to 10 cwt, of gelatine into cartridges per diem, depend- 
ing upon the diameter of the cartridges made. 

After being cut up into lengths of about 3 inches, 
the gelatine is rolled up in cartridge paper. Waterproof 
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paper is generally used. The cartridges are then packed 
away in cardboard boxes, which are again packed in 
deal boxes lined with indiarubber, and screwed down 
air tight, brass screws or zinc or brass nails being used 
for the purpose. These boxes are sent to the magazines. 
Before the boxes are fastened down a cartridge or so 
should be removed and tested by the heat test, the 
liquefaction test, and the test for liability to exudation. 
(Appendix, p. 6, Explosives Act, 1875.) A cartridge 
also should be stored in the magazine in case of any 
subsequent dispute after the bulk of the material has left 
the factory, 

The object of the liquefaction test is to ensure that 
the gelatine shall be able to withstand a fairly high tem- 
perature (such as it might encounter in a .ship's hold) 
without melting or running together. The test is carried 
out as follows : — A cylinder of the gelatine dynamite is 
cut from the cartridge of a length equal to its diameter. 
The edges must be sharp. This cylinder is to be placed 
on end on a flat surface (such as paper), and secured by 
a pin through the centre, and exjxised for 144 consecutive 
hours to a temperature of 85° to 90° F., and during such 
time the cylinder should not diminish in height by more 
than one-fourth of an inch, and the cut edges should 
remain sharp. There should also be no stain of nitro- 
glycerine upon the paper. 

The exudation test consists in freezing and thawing 
the gelatine three times in succession. Under these 
conditions there should be no exudation of nitro- 
glycerine. All the materials used in the manufacture of 
gelatine explosive.s should be subjected to analytical 
examination before use, as success largely depends upon 
the purity of the raw materials. The wood-pulp, for 
instance, must be examined for acidity. 
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Properties of the Gelatine Compounds. — Blast- 
ing gelatine is generally composed of 93 to 95 
parts nttro-glycerine, and 5 to 7 parts of nitro- 
cellulose, but the relative proportions of explosive base 
and nitro-glycerine, &c,, in t!ie various forms of the 
gelatine explosives do not always correspond to those 
necessary for total combustion, either because an in- 
complete combustion gives rise to a greater volume of 
gas, or because the rapidity of decomposition and the 
law of expansion varies according to the relative pro- 
portions and the conditions of application. The various 
additions to blasting gelatine generally have the effect 
of lowering the strength by reducing the amount of 
nitro-glycerine, but this is sometimes done in order to 
change a shattering agent into a propulsive force. If 
this process be carried too far, we of course lose the 
advantages due to the presence of nitro-glycerine, There 
is therefore a limit to these additions.* 

The homogeneousness and stability of the mixture 
are of the highest importance. ' It is highly essential that 
the nitro-glycerine should be completely absorbed by the 
substances with which it is mixed, and that it should not 
subsequently exude when subjected to heat or damp. 
It is also important that there should be no excess of 
nitro-glycerine, as this may diminish instead of augment 
the strength, owing to a difference in the mode of the 
propagation of the explosive wave in the liquid and in 
the mixture. Nitro-glycerine at its freezing point has a 
tendency to separate from its absorbing material, in fact 
to exude. When frozen, too, it requires a more powerful 
letonation to explode it, but it is less sensitive to shock. 
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The specific gravity of blasting gelatine is 1,5 {i.e., nearly 
equal to that of nitro-glycerol) ; that of gun-cotton (dry) 
is I.D. 

Blasting gelatine burns in the air when unconfincd 
without explosion, at least in small quantiti»2s and when 
not previously heated, but it is rather uncertain in this 
respect. It can be kept at a moderately high tempera- 
ture (70" C.) without decomposition. At higher tem- 
jjcratures the nitro-glycerine will partially evaporate. 
When slowly heated, it explodes at 204° C. If, however, 
it contains as much as 10 per cent, of camphor, it burns 
without explcxling. According to Berthelot," gelatine 
composed ofgi.fi per cent, nitro-glycerine and 8.4 per cent, 
of nitro-cellulo.se, which are the proportions corresiwnd- 
ing to total combustion, produces by explosion 177COJ 
-M43HjO + 8N,. 

He takes Cj,Uj^NOaH)BOii as the formula of the 
nitro-cellulo.se, and siC,H^(NO,H)3-fC^Hs,(NO,H)„0„ 
as the formula of the gelatine itself, its equivalent weight 
being 12,360 grms. The heat liberated by its explosion 
is equal to 19,381 calorics, or for I kilo. 1,535 calories. 
Volume of gases reduced temperature equals 8,950 litres. 
The relative value •[■ of blasting gelatine to nitro-glycerine 
is as 1.4 to 1.45, kieselguhr dynamite being taken as 1.0. 

Cordite. — The British smokeless powder, cordite, is 
the patent of Sir F. A. Abel and Professor Dewar, and 
is somewhat similar to blasting gelatine. It is chiefly 
manufactured at the Royal Gunpowder Factory at 
Waltham Abbey, but also at one or two private factories. 
It consists of gun-cotton, 37 per cent, ; nitro-glycerine, 58 
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cent. ; and vaseline, 5 per cent. The gun-cotton used 
is the hexa-nitrate, which is not soluble in nitro- glycerine. 
It is therefore necessary to u.se some solvent such as 
acetone, in order to form the jelly with nitro-glycerine. 

The process of manufacture of cordite is very similar, 
as far as the chemical part of the process is concerned, to 
that of blasting gelatine, and is briefly as follows: — The 
gun-cotton is first dried in the form of 9-oz. primers 
down to about i per cent, of moisture ; 27! lbs, are then 
placed in a brass-lined bo-x, and 43^ lbs. of nitro-glycerine 
are carefully added ; the whole is then mixed by hand, 
and afterwards taken to the incorporating machine, and 
thoroughly mixed. During the mixing, 15^3 lbs. of 
acetone is poured over the charge, and the whole 
worked into a dough ; 3J lbs. of vaseline are also added, 
and the incor]xiration continued for seven hours in the 
form of kneading machine* shown in Fig. g, which 
consists of a trough, composed of two halves of a 
cylinder, in each of which is a .shaft which carries a 
revolving blade, The.se blades revolve in opposite 
directions, and one makes about half the number of 
revolutions of the other. As the blades very nearly 
touch the bottom of the trough, any material brought 
into the machine is divided into two parts, kneaded 
against the bottom, then pushed along the blade, turned 
and completely mixed. The machine is generally 
water jacketed, and the top closed in with a glass door, 
order to prevent as far as [x)ssible the evaporation 

le solvent 
When the various ingrcdienls are formed into a 



The incorporating riiacliincs of Messrs Werner & I'fleiderer, 
which are largely used by llie manufacturers of smokeless powders, 
probably the most perfect ever designed for the purpose. 
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; homogeneous mass, the material is taken to the press 
house, where by means of specially designed presses 

' it is squirted into threads. The plastic mass is pressed 
into a steel cylinder, at the bottom of which is a small 
hole, through which it is squirted by means of a plunger 

1 or piston pressing on the other end of the cylinder. The 

■ cords thus obtained are then wound on a metal drum. 
Three of these threads are then wound on one drum, 
and finally six strands are afterwards reeled on a single 
drum. This is done in order to obtain a uniform blending 
of the material. With cordite of a larger diameter, the 
cord is at once cut into lengths of iz inches. The 
drums are then taken to the drying hDU.se, where the 

I cordite is subjected to a temperature of loo" Fahr. for 
three to nine days, in order to evaporate off the solvent. 



CHAPTER IV. 

NITROCELLULOSE, b-e. 

X Properties— Discovery orGun-Cotlon— Ptopcrliesof Gun-Cotton 
— Varieties of Soluble onj Insoluble Gun-Cotlons — Mnnufacturc of 
Cun-Colton — Dipping and Steeping — Whiding out the Acid — Washing 
— Builii^—rulping— Compressing— The Wallhoni Abbey Process — 

*L.e Bouchci Tiocess— Granuliition oF Gun-Colton— <:ollodion-Cu[ton 
Manubcturc — Acid Mixture used'-Colton used, &c. ^Nitrated Uun- 
Cotton Totiile— Dnngcrs in Manufacluie of Gun-Cotton — Trench's 
Fire- Extinguishing Com|K)und — Uses of Collodion-Collim — CclluloM 
— Manufnctuie, &c.— Nilio-Slaich, Nflro-Jute, and NiUo-Mannilc, 

The Nitro-Celluloses. — The substance known as 
celli]lose forms ihc groundwork of vegetable tissues. 
The celluSose of the wootJy parts of plants was at one 
time supposed to be a distinct body, and was called 
lignine, but they are now regarded as identical. The 
formula of cellulose is (C^HiyOgX, and it can be ex- 
tracted in the pure state, from young and tender portions 
of plants by first crushing them, to rupture the cells, and 
then extracting with dilute hydrochloric acid, water, 
alcohol, and ether in succession, until none of these 
solvents remove anything more. Fine paper or cotton 
wool yield very nearly pure cellulose by similar treat- 
ment. 

Cellulose is a colourless, transparent mass, absolutely 
insoluble in water, alcohol, or ether. It is, however, 
soluble in a solution of cuprammonic solution, prepared 
from basic carbonate or hydrate of copper and aqueous 
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[ ammonia. The specific gravity of cellulose is i,2 
.45. According to Schuize, its elementary composition 
s expressed by the percentage numbers: — 

Carbon - 44.0 per cent. 44.2 per cent. 

Hydrogen - 6.3 „ 6.4 „ 

Oxygen - 49.7 „ 49.4 ,. 

These numbers represent the composition of the ash 
j free cellulose. Nearly all forms of cellulose, however, con- 
I tain a small proportion of mineral matters, and the union 
r of these with the oi^anic portion of the fibre or tissue 
I is of such a nature that the ash left on ignition preserves 
the form of the original, "' It is only in the growing 
L point of certain j'oung shoots that the cellulose tissue is 
f free from mineral constituents" ( Hofmeistcr). 

Cellulose is a very inert body. Cold concentrated 
iulphuric acid causes it to swell up, and finally dissolves 
t, forming a viscous solution. Hydrochloric acid has 
I little or no action, but nitric acid has, and forms a series 
I of bodies known as nitrates or nitro-celluloses, Cellulose 
I has some of the properties of alcohols, among them the 
I power of forming etherial salts with acids. When 
I cellulose in any form, such as cotton, is brought into 
I contact with strong nitric acid at a low temperature, a 
I nitrate or nitro product, containing nitry], or the NOj 
I group, is produced. The more or less complete replace- 
ment of the hydroxylic hydrogen by NO^ groups depends 
f partly on the conccntrntion of the nitric acid used, 
partly on the duration of the action. If the most con- 
I ccntraled nitric and sulphuric acids are employed, and 
[ the action allowed to proceed for some considerable 
I time, the highest nitrate, known as hexa-nitro-cellulose 
lor gun-cotton, C,jHnOj(O.NOj)a, will be formed; but 
I with weaker acids, and a shorter exposure to theiraction, 
L' tctra and pcnta and tower nitrates will be formed. 



t GUN-COTTON. 6g 

The discovery of gun-cotton is generally attributed 
to Schonbein ( 1 846), but Braconiiot (in 1 832) had 
previously nitrated starch, and six years later i'elouse 
prepared nitro cotton and various other nitro bodies, 
and Dumas nitrated paper, but Schonbein was apparently 
the first chemist to use a mixture of strong nitric and 
sulphuric acids. Many chemists, such as Piobert in 
France, Morin in Russia, and Abel in England, studied 
the subject ; but it was in Austria, under the auspices of 
Baron Von Lenk, tliat the greatest progress was made. 
Lenk used cotton in the form of yarn, made up into 
hanks, which he first washed in a solution of potash, and 
then with water, and after drying dipped them in the 
acids. The acid mixture used consisted of 3 parts by 
weight of sulphuric to i part of nitric acid, and were 
prepared some tinne before use. The cotton was dipped 
one skein at a time, stirred for a few minutes, pressed 
out, steeped, and excess of acid removed by washing 
with water, then with dilute potash, and finally with 
water. Von Lenk's process was used in England at 
I-avershani (Messrs Hall's Works), but was given up on 
account of an explosion (1847). 

Sir Frederick Abel, working at Stoivmarket and 
Waltham Abbey, introduced several very important 
improvements into the process, the chief among these 
being pulping. Having traced the cause of its instability 
to the presence of substances caused by the action of 
the nitric acid on the resinous or fatty substances con- 
tained in the cotton fibre, he succeeded in eliminating 
them, by boiling the nitro-cotton in water, and by a 
thorough washing, after pulping the cotton in poachers. 

Although gun-cottons are generally spoken of as 
nitro-cel hi loses, they are more correctly described as 
cellulose nitrates, for unlike nitro bodies of other series, 
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they do not yield, or have not yet done so, amido bodies, 
on reduction with nascent hydrogen.* The equation of 
the formation of gun-cotton is as follows: — 

2(CoH,oOJ-|-6HNO,=C,5H„Oj(N03)o+GOHy 



"he sulphuric acid used does not take part in the re- 
action, but its presence is absolutely essentia! to combine 
with the water set free, and thus to prevent the weaken- 
ing of the nitric acid. The acid mixture used at Waltham 
» Abbey consi-sls of 3 parts by weight of sulphuric acid 
of 1,84 specific gravity, and 1 part of nitric acid of 
^.52 specific gravity. The same mixture is also used 
at Stowmarkct (the New Explosive Company's Works). 
The u.se of weaker acids results in the formation of collo- 
dion-cotton and the lower nitrates generally. 

The nitrate which goes under the name of gun-cotton 
is generally supposed to be the hexa-nitrate, and to con- 
tain 14.14 per cent, of nitrogen ; but a higher percentage 
than 13.7 has not been obtained from any sample. It is 
almost impossible (at any rate upon the manufacturing 
scale) to make pure hexa-nitro-cellulose or gun-cotton ; it 
is certain to contain several per cents, of the soluble forms, 
tV., lower nitrates. It often contains as much as 15 or 16 
per cent, and only from 13.07 -f- to 13.6 per cent, of 
^^uiitrogen. 

^^B A whole series of nitrates of celtulo.se are supposed 
^^Hbo exist, the highest member being the hexa-nitrate, and 
^^^Bhe lowest the mono-nitrate. Gun-cotton was at one 



fc* " Cellulose," by Cross and Bevan, ed. by W. R. Hodgkim 
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+ Mr J. J, Saycrs, in evidence before the court in ihe " Cordile 
Case," says he found 15.2 and j6.i per cent, soluble cotton, and 
13,07 and 13.08 per cent, nitrogen in two samples of Waltham 
" " y gun-cotlon. 
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tintc regarded as the tri-nitrate, and collodion -cot ton as 
the di-nitrate and mono- nitrate, their respective formula 
being given as follows : — 

Mono-nitro-cellulose- - C,H,(NO.,)0,= 6.763 percent. nilrOKen. 
Di-nitro-cellulose - - C«H^N0s)„0i= 1 i.ii 
Tri-niiro-celliilose - ^ C,H^NOj:^io„= 14.14 .. 
But gun-cotton is now regarded as the hexa-nitrate, and 
cblludion-cotton as a mixture of all the other nitrates. 
In fact, chemists are now more inclined to divide nitro- 
cellulo.se into the soluble and Insoluble forms, the reason 
being that It Is quite easy to make a nitro-cellulose 
entirely soluble in a mixture of ether- alcohol, and yet 
containing as high a percentage of nitrogen as 12,6; 
whereas the di-nitrate • should theoretically only contain 
1 r.i I jjer cent. On the other hand, It is not possible to 
make gun-cotton with a higher percentage of nitrogen 
than about 13.7, even when it docs not contain anynitro- 
cotton that is soluble in ether-alcohol.t The fact Is that 
it is not at present possible to make a nitro-cellulose 
which shall be either entirely soluble or entirely In- 
soluble, or which will contain the theoretical content of 
nitrogen to .suit any of the above formula for the cellu- 
lose nitrates. It is not unlikely that a long series of 
nitrates exists. It is at any rate certain that whatever 
strength of acids may be used, and whatever tempera- 

• The pecic-i-niirale Ci.HiiOs{NO,)s= 11.7s ppr cent, nitrogen. 

+ in ihe Cordite Trial (1S94), -Sir F. A. Abel said, "Before 
1888 there was a broad dislinclion between soluble and insoluble 
niirO'Cellulose, collodion -cot ton being soluble (in eiher-atcohol) 
and guo'Cotton insoluble." Sir H, E, Roscoc, "That he had 
been unable to make a nitro-cotton with a higher nitrogen content 
than 13.7." And Prof. G, Lunge said, "Gun-cotton always con- 
tained soluble cotton, and vice versa.'' These opinions were also 
generally confirmed by Dr E. Frankland, Mr W. Croolces, Dr 
Armstrong, and others. 




NITKO-EXPLOSIVES. 

"hire or other conditions may be present during tKe 
nitratibi>, that the product formed always consists of a 
■mixture of the soluble and insoluble nitro-cellulose. 

Theoretically lOO parts of co'ttOn by weight shout^ 
i^rOduce 2l84 parts of gun-cotton, but in practice the 
yield is a good deal less, both in the case of gun-cotton 
6r collodion -cot ton. In spcakingof soluble and insoluble 
nitrocellulose, it is their behaviour, when treated with a 
solution consisting of 2 parts ether and i of alcohol, that 
is referred to. There is, however, another very important 
difference, and that is their different solubility in nitro- 
glycerine. The lower nitrates or soluble form is soluble 
in nitro-glycerine under the influence of heat, a tempera- 
ture of about so" C, being required. At lower tem- 
peratures the dissolution is very imperfect indeed; and 
after the materials have been left in contact for days, the 
threads of the cotton can still be distinguished. The 
insoluble form or gun-cotton is entirely insoluble in nitro- 
glycerine. It can, however, be made to dissolve* by the 
aid of acetone or acetic ether. Both or rather all the 
forms of nitro-cellulose can be dissolved in acetone or 
acetic ether. They also dissolve in concentrated sulphuric 
acid, and the penta-nitrate in nitric acid at about So" or 
90° C. 

The penta-nitrate may be obtained in a pure state by 
the following process, devised by Eder : — The gun-cotton 
is dissolved in concentrated nitric acid at 90' C, and re- 
precipitated by the addition of concentrated sulphuric 
acid. After cooling to 0° C, and mixing with a larger 
volume of water, the precipitated nitrate is washed with 
water, then with alcohol, dissolved in ether- alcohol, and 
again precipitated with water, when it is obtained pure. 



h. 



* Or raiher to form a transparent je!!y. 
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"this nitrate is soluble in ether-alcohol, and slij^'htly in 
acetic acid, easily in acetone, acetic ether, and methyl- 
alcohol, insoluble in alcohol. Strong potash (KOH) 
.solution converts into the di-nitrate C,2HjgOg{N03)j. 
The hexa-nitrate is not soluble in acetic acid or methyl- 
alcohol. 

The lower nitrates known as the tetra- and tri-nitrates 
are formed together when cellulose is treated with a 
mixture of weak acids, and allowed to remain in contact 
with thum for a very short time (twenty minutes). They 
cannot be separated from one another, as they all dis- 
solve equally in ether- alcohol, acetic ether, acetic acid, 
methyl -alcohol, acetone, &c. 

As far as the manufacture of explosive bodies is con- 
cerned, the two forms of nitro- cellulose used and manu- 
factured are gun-cotton or the hexa-nitrate (once regarded 
as tri-nitro-cellulose), which is alsoknown as insoluble gun- 
cotton, and the .soluble form of gun-cotton, which is also 
known as collodion, and consists of a mixture of several of 
the lower nitrates. It is probable that it chiefly consists, 
however, of the next highest nitrate to gun-cotton, as the 
theoretical percentage of nitrogen for this body, the 
pen ta- nit rate, is 12.75 P^^ cent., and analyses of com- 
mercial collodion-cotton, entirely soluble in ether-alcohol, 
often give as high a percentage as 1 3.6. 

We shall only describe the manufacture of the two 
forms known as soluble and insoluble, and shall refer to 
them under their better known names of gun-cotton and 
collodion -cotton. The following would, however, be the 
formulae* and percentage of nitrogen of the complete 



• Beiihelot lakes CnH„0„ as the formuln of cellulose ; and M. 
Vieille regards Ihe highest nitrate as (C„Hi,^NO,H)„Og). Cpmp/, 
Rtmi., 1882, p. 132. 
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Properties of Gun-Cottoii, — The absolute (tensity 
of gun-Cotttm is 1.5. Wlieii in lumps its apparent density 
is 0.1 ; if twisted into thread, 0.25 ; when subjected, in 
the form of pulp, to hydraulic pressure, 1.0. Gun-cotton 
preserves the appearance oF the cotton from which it is 
made. It is, however, harsher to the touch ; it is only 
slightly hydroscopic (dry gun-cotton absorbs 2 per cent, 
of moisture from the air). It possesses the property of 
becoming electrified by friction. It is soluble in acetic 
ether and acetone, insoluble in water, alcohol, ether, 
ether-alcohol, methyl -alcohol, &c. It is very explosive, 
and is ignited by contact with an iynited body, or by 
shock, or when it is raised to a temperature of 172' C. 
It burns with a yellowish flame, almost without smoke, 
and leaves little or no residue. The volume of the gases 
formed is large, and consists of carbonic acid, carbonic 
oxide, nitrogen, and water gas. Compressed gun-cottoji 
when ignited often explodes if previously heated to 
100" C. 

Gun-cotton kept at 80' to loo°C. decomposes slowly, 
and sunlight causes it to undergo a slow decomposition. 
It can, however, be preserved for years without under- 
going any alteration. It is very susceptible to explosions 
by influence. For instance, a torpedo, even placed at a 
long distance, may explode a line of torpedoes charged 
with gun-cotton. The velocity of the propagation of 
the explosion in metallic tubes filled with pulverised 
gun-cotton has been found to be from 5,000 to 6,000 
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mtns per second hi tin tubes, and 4,CXX) in leaden 1 
(Sebert). 

Gun-cotton loosely exposed in the open air burnrf 
eight times as quickly as powder (Fiobcrt). A thin dis 
of gun-cotton may be fired into from a rifle withouli 
explosion ; but if the thickness of the disc be increased^ 
an explosion may occur. The effect of gun-cotton i 
mines is very nearly the same as that of dynamite for' 
equal weights. It requires, however, a stronger detonator, 
and it gives rise to a larger quantity of carbonic oxide 
gas. Gun-cotton should be neutral to litmus, and should' 
stand the Government heat test — temperature of 150" F. 
for fifteen minutes (see page 235), In the French navy 
gun-cotton i.s submitted to a heat test or6s° C. ( = 149° F.) 
for eleven minute.'i. It should contain as small i 
centage of soluble nitro -cotton and of non-nitrated cottofli 
as possible. 

The products of perfectly detonated gun cotton m 
be expressed by the following equation : — 

2C„Hi.O,(NO^)a= i8CO-f-6CO,-|- i4HaO-l- r2N. 

It does not therefore contain sufficient oxygen for the 
complete combustion of its carbon. It is for this reason" 
that when used for mining purposes a nitrate is gene* 
rally added to supply this defect (as, for instance, in 
tonite). It tends also to prevent the evolution of the 
poisonous gas, carbonic oxide. The success of the various 
gelatine explosives is due to this fact, viz., that the nitro- 
glycerine has an excess of oxygen, and the nitro-cotton 
too little, and thus the two explosives help one another. 

In practice the gases resulting from the explosion o( 
gun-cotton are: — Carbonic oxide, 28.55; carbonic acid, 
19.II; marsh gas (CH,), 11. 17; nitric oxide, 8.83 ; nitro- 
gen, 8.56; water vapour, 21.93 P^r cent. The late Mr 
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E. O. Brown, of Woolwich Arsennl, discovered that jjcr- 
fedly vet and uninfLimmablc compressed gun-cotton 
cxMiM be easily (ictoiiattxl by the detonation of a primiiif^ 
ciu(v:cof thcdr>' material in contact w\0\ it. This ren- 
den:d tbc iise t)f gun-cotton vvry much safer for use as a 
militan* or mining explosive^ 

As a mining explosive however, gun-cotton is now 
diirily used under the form of tonite, which is a mixture 
of half >^n-<utton and half barium-nitrate. This material 
is sometimes spoken of as " nitrated gun-cotton." The 
«-c^ht »kf |Tun-<utton required to produce an equal effect 
eithcf in heavy ttrdnance or in small anns is to the weight 
i>f gunponxlcr in the pniporlion of i to 3, r>., an equal 
w«ghl of gun-cv>tton would produce three times the 
effect as gunpowder. Its rapidity of combustion, how- 
cx-er. n>)uires to be modified for use in firearms. Hence 
the k»xvcr nttnilcs are generally used, or such compounds 
u nitrx>-Itgmisc nitrated wood, &c^ are used. 

The initial pncssure produced by thec-cplosionof gun- 
cottiW is X'ci^' largc.cqual to 1 8, 1 35 atmospheres, and 8,740 
kiKv^ammcs per square centimetre for i kilo., the heal 
liberated being 1,075 calorics (water liquid), or 997.7 cals, 
(water [;*sco«*), butlhequantitj-of heat liberated changes 
with the equation of decomposition. According to Herthc- 
lot," the heal of formation of collodion -cotton is 696 cals. 
fiir 1,053 i^niis,, or 661 cals. for i kilo. The heat liber- 
ated in the total combustion of gun-cotton by free oxy- 
gen at citnstant pres-sure is 3,633 cals. for 1,143 gi'm'^i 
w (or I kihx gun-cotton 3,302 cals. (water liquid), or 
a,l"7 cals. (water gaseous). The heat of decomposition 
of mmantoii in a closed vessel, found by experiment at 
- '" ■ ■i-.ity of cliaf^ (0.0231. amounts to 1,071 cals. 

'I'lowvmiwt their Fovrcr," irans. by Hake and M'Nab. 
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for i kilo, of the substance, dry and free from ash. To 
obtain the maximum eiTect of gun-cotton it must be used 
in a compressed state, for the initial pressures are thereby 
increased. Wet giui-colton is much less sensitive to 
shock than dry. Paraffin also reduces its liability to 
explode, so also does camphor. 

The substance known as celluloid, a variety of nitro- 
cellulose nearly corresponding to the formula Cg^H^j 
(NOjH)gO,3, to which camphor and various inert sub- 
stances are added, so as to render it non-sensitive to 
shock, may be worked with tools, and turned in the lathe 
in the same manner as ivory, instead of which material 
celluloid is now largely used for such articles as knife 
handles, combs, &c, Celluloid is very plastic when heated 
towards 150" C, and tends to become very sensitive to 
shock, and in large quantities might become explosive 
during a fire, owing to the general heating of the mass, 
and the consequent evaporation of the cam|)hor. When 
kept in the air bath at 135° C, celluloid decomposes 
quickly. In an experiment (made by M. Herthelot) in a 
closed vessel at 135° C, and the density of the chaise 
being 0.4, it ended in exploding, developing a pressure of 
3,000 kilos. A large package of celluloid combs also ex- 
ploded in the guard's van on one of the German railways 
a few years ago. Although it is not an explosive under 
ordinary circumstances, or even with a powerful detonator, 
considerable care should be exercised in its manufacture. 

The Manufacture of Gun-Cotton. — The method 
used for the manufacture of gun-cotton is that of Abel 
(Spec. No. 1102, 20. 4. 65). It was worked out chiefly 
at Stowmarket* and Waltham Abbcy,"f- but has in the 
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* The New Explosive Co. Works, 
f Royal Gunpowder Fiictory. 
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course of time undergone several alterations. These 
modifications have taken place, however, chiefly upon 
the Continent, and relate more to the apparatus and 
machinery used than to any alteration in the process 
itself. The form of cellulose used is cotton-waste,* which 
consists of the clippings and waste material from cotton 
mills. After it has been cleaned and purified from 
grease, oil, and other fatty substances by treatment with 
alkaline solution.s, it is carefully picked over, and every 
piece of coloured cotton-rag or string carefully removed. 
The next operation to which it is submitted has for its 
object the opening up of the material. For this purpose 
it i.-i put through a carding machine, and afterwards 
through a cutting machine, whereby it is reduced to a 
state suitable for its subsequent treatment with the acids, 
thai is, it has been cut into short lengths, and the fibres 
o|x;nccl up and separated from one another. 

Drying the Cotton. — This operation is performed in 
either of two ways. The cotton may either be placed 
upon shelves in a drying house, through which a current 
of hot air circulates, or dried in steam-jacketed cylinders. 
It is very essential that the cotton should be as dry as 

* Cosis from £io lo £2^ n ton. In his description of the 
"Preparation of Collon-wasie for the Manufacture of Smokeless 
Powder," A. Hcrt/oa slates that the German miiilarj- authorities 
require a cotton which when thrown into water sinks in two 
minutes ; when nitrated, does not disintegrate ; when treated with 
ether, yields only 0.9 per cent, of fat ; and containing only traces of 
chlorine, lime, tnagncsia, iron, sulphuric acid, and phosphoric acid. 
If the cotton is very greasy, it must be first boiled with soda-lye 
under pressure, washed, bleached with chlorine, washed, treated 
with sulphuric acid or HCl, again washed, centrifugaled, and dried ; 
if very greasy indeed a preliminary treatment with lime-water is 
desirable. See also " Inspection of Cotton Waste for Use in the 
Manufacture of Gun-cotton, by C. E. Munroe, J. Am. CAem. Soc., 
l895> '7. 783. 



i 



METHODS OF DRYING THE COTTON. 



79 




lh~ 



possiblL- before dipping in the acids, especially if a wholly 
" insoluble " nitro-cellulose is to be obtained. After dry- 
ing it should not contain more than 0.5 per cent, of 
moisture, and less than this if possible. The more 
general method of drying the a n * 

cotton is in steam-jacketed tubes, 
r>., double cylinders of iron, some 
5 feet tons and i J feet wide. The 
cotton is placed in the central 
chamber (Fig. 12), while steam is 
made to circulate in the surrounding 
jacket, and keeps the whole cylin- 
der at a high temperature (steam 
pipes may be coiled round the 
outside of an iron tube, and will 
answer equally well). By means 
of a pijx; which communicates.^.^^ 
with a compressed air reservoir, a 
current of air enters at the bottom, *"" "■-*^""'"' d«««". 
and finds its way up through the cotton, and helps to 
remove the moisture that it contains. The raw cotton 
generally contains about 10 per cent, of moisture, and 
should be dried until it contains only J per cent, or 
less. Fur this it will generally have tn remain in the 
drying cylinder for about five hours. At the end of that 
time a sample should be taken from the lt>/> uf the 
cylinder, and dried in the water oven (100° C.*) for an 
hour to an hour and a half, and rcwcighed, and the 
moisture then remaining in it calculated. 

It is very convenient to have a large copper water 
oven, containing a lot of small .separate compartments, 
large enough to hold about a handful of the cotton, and 

* It is drieil al 180" C, at Wahham Abbey, in a specially cqn. 
ftnictecl ilrying rhamlKr. 
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1 compartment numbered, and corresponding to one 

f of the drying cylinders. The whole apparatus should 

I be fixed against the wall of the laboratory, and may be 

heated by bringing a small steam pipe from the boiler 

house. It is useful to have a series of copper trays, 

about 3 inches by 6 inches, numbered to correspond to 

the divi.sions in the steam oven, and exactly fitting them. 

These trays can then be taken by a boy to the drying 

cylinders, and a handful of the cotton from each placed 

in them, and afterwards brought to the laboratory and 

weighed (a boy can do this very well), placed in their 

jspective divisions of the oven, and left for one to one 

, and a half hours, and reweighed. 

When the cotton is found to be dry the bottom of 
the drying cylinder is removed, and the cotton pushed 
f out from the top by means of a piece of flat wotxi 
fixed on a broom-handle. It is then packed away in 
galvanised -iron air-tight cases, and is ready for the next 
^^^ operation. At some works the cotton is dried upon 
^^^Lishelvcs in a drying house through which hot air cir- 
^^^ftculates, the .shelves being of canvas or of brass wire 
^^^hlctting. The hot air must pass under the shelves and 
^^^Pthrough the cotton, or the process will be a very slow one. 

^H^ Dipping and Steeping. — The dry cotton has now to 
be nitrated. This is done by dipping it into a mixture 
of nitric and sulphuric acids. The acids u.sed must be 
strong, that is, the nitric acid must be at least of a 
ivity of 1.53 to 1.52, and should contain as little nitric 
^<pxide as pos.siblc. The sulphuric acid mu.st have a 
!cific gravity of 1.84 at 15° C, and contain about 97 
■per cent, of the mono-hydrate (H^SO,). In fact, the 
Strongest acids obtainable should be used when the 
duct required is gun-cotton, i.e., the highest nitrate. 
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The sulphuric acid takes no part in the chemical re- 
action involved, but is necessary in order to combine 
with the water that is liberated in the reaction, and 
thus to maintain the strength of the nitric acid. The 
reaction which takes place is the following: — 

2(CbHh,0,)-|-6HNOj = Ci,H„0,(NO,)u+6H,0. 
324 378 = S94 108 



Theoretically,* therefore, 1 part of cellulose slmuki form 
1.8 parts of gun-cotton, Practically, however, this 
is never obtained, and 1.6 lbs. from 1 lb. of cellulose is 
very good working. The mixture of acids used is 
tjenerally r to 3, or 25 per cent, nitric acid to 75 per 
cent, sulphuric acid. 

The dipping is done in cast-iron tanks (Fig. 13), a 
series of which is arranged in a row, and cooled by a 
stream of cold water flowing round them. The tanks 
hold about 12 gallons, and the cotton is dipped in prjr- 
tions of I lb. at a time. It is thrown into the acids, and 




the workman moves it about for about three minutes 
with an iron rabble. At the end of that time he lifts it 
up on to an iron grating, just above the acids, fixed 
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ihe back of the tank, where by means of a movable 
lever he gently squeezes it, until it contains about ten 
times its weight of acids (the i lb. weighs lo lbs.). It is 
then transferred lo earthenware pots to steep. 

The above-described process is in use iii nearly all 
the gun-cotton works in England, but on the Continent 
other processes have been devised, Messrs Selwig & 
Lange, of Brunswick, for instance, have introduced 
what they term "a centrifugal nitrating apparatu.s," • 
which consists of a jjcrforatcd revolving basket in a 
centrifugal machine, which is arranged inside the acid 




' tank. The cotton, straw, &c, is nitrated within the 
machine, and after the acids are run off, the nitro- 
ccllulone can be dried by centrifugal force. The ad- 
vniiliit,'ea of tliese nitrating machines do not appear to 
be very great, and it is doubtful if as uniform a nitration 
I» I'btaincd as dijiping the cotton in small portions at a 



8t««plng.— The nitrated cotton, when 
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From the dipping tanks, and stilt containing an excess of] 
acids, is put into earthenware; pots of the shape shown in. 
Fig, 15. The lid is piit on, and the pots placed in rows' 
in a wooden tank, about a foot deep, through which a 
stream of water is constantly flowing. 
This tank forms the floor of the steep- 
ing house. The cotton remains in these 
pots for a period of forty-eight hours, 
and must be kept cool. Betwoen 18" 
and 19' C. is the highest temperature 
desirable, but the cooler the pots arc kept 
the better. At the end of forty -eight hours the chemical, 
reaction is complete, and the cotton is or should be. 
wholly converted into nitro-celluiose ; that is, there. 
should be no unnitratcd cotton. 

Whirling Out the Acid. — The next operation is t( 
remove the excess of acid. This is done by placing th« 
contents of two or three or more pots into a centrifugal 
hydro-extractor (Fig. 14), making i,ooo to 1,500 revolu- 
tions per minute. The hydro- extractor consists of a 
machine with both an inner cylinder and an outer one 
both revolving in concert and driving outwardly the- 
liquid to the chamber, from which it runs away by 
discharge pipe. The wet cotton is placed around the 
inner cone. The cotton, when dry. is removed, and al 
once thrown into a large tank of water, and the waste 
acids are collected in a tank.* 






* Care must be taken in hot weather that the gun-cotton docar 
not fire, as it does sometimes, directly the workman goes to rei 
it after the machine is slopped. It also occurs more often in damp 
weather. Dr Schiipphaiis, of Brooklyn, U.S.A., proposes to treat 
the waste acids from the nitration of cellulose by adding to them, 
sulphuric anhydride and nitric acid. The sulplividc anhydride added' 
water liberated from the cellulose into sulphuric add. 
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Washing:. — The cotton has now to be carerully 
waslicd. This is done in a large wooden tank filled with 
water. If, however, a river nr canal runs tlirnut;h the 
works, a series of wooden tanks, the sides and botloms of 
which are pierced with holes, so as to allow of the free cir- 
culation of water, should be sunk into 3 wooden platform 
that overhangs the surface of the river in such a waj- that 
the tanks are immersed in the water, and of course always 
full. During the time that the cotton is in the water a 
workman turns it over constantly with a wooden paddle. 
A stream of water, in the form of a cascade, should be 
allowed to fall into these tanks. The cotton may then 
be thrown on to this stream of water, which, falling some 
height, at once carries the cotton beneath the surface of 
the water. This proceeding is necessary because the 
cotton still retains a large excess of strong acids, and 
when mixed with water gives rise to considerable heat, 
e.specially if mixed slowly with water. After the cotton 
has been well washed, it is again wrung out in a centri- 
fugal machine, and afterwards allowed to steep in water 
for some time. 

Boiling;. — The washed cotton is put into large iron 
boilers with plenty of water, and boiled for some time 
at 100° C. In some works lead-lined tanks are used, 
into which a steam pipe is led. The soluble impurities 
of unstable character, to which Sir F. A. Abel traced the 
liability of gun-cotton to instability, arc thereby removed. 
These impurities consist of the products formed by the 
action of nitric acid on the fatty and resinous substances 
contained in the cotton fibres. The water in the tanks 
should be every now and again renewed, and after the 
first few boilings the waters should be tested with litmus 
paper until they are no longer found to be acid. 
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Pulping. — The idea of pulping is a!so due to Abel. 
By its means a very much more uniform material is 
obtained. The process is carried nut in an apiiaratus 
known .is a "Beater" or "Hollander" (I'ig. 16). It 
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consists nf a kind of wooden tank some 2 or 3 feet 
deep of an oblong shape, in which a wheel carrying a 
series of knives is made to revolve, ,,, r,, 

the floor of the tank being sloped 
up so as to almost touch the re- 
volving wheels. This part of the ' ^ 
floor, known as the "craw," is a fi.^.iW-. -wi.llll.i iijiAit.i.. 
solid piece of oak, and a box of knives is fixed into it, 
linst which the knives in the revolving «-hccl are 
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The beater is divided into two parts — the 
wording side, in which the cotton is cut and torn between 
the knife edyes in the revolving cyUnder and those in the 
box ; and the running side, into which the cotton passes 
after passing under the cylinder. The wheel is generally 
boxed in to prevent the cotton from being thrown out 
during its revolution. The cotton is thus in constant 
motion, continually travelling round, and pas.sing between 
the knives in the revolving cylinder and those in the box 
fixed in the wooden block beneath it. The beater is kept 
full of water, and the cotton is gradually reduced to a 
condition of pulp. The wheel revolves at the rate of 
lOO to 1 50 times a minute. 

When the gun-cotton is judged to be sufficiently 
fine, the contents of the beater are run into another very 
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similarpicceof machine, known as the" poacher " (Fig. 17, 
It, b, c), in which the gun-cotton is continuously agitated 
together with a large quantity of water, which can be 
easily run off and replaced as often as required. When 
the material is first run into the poacher from the beater, 
the water with which it is then mixed is first run away 
and clean water added, The paddle wheel is then set in 
motion, and at intervals fresh water is added. There is 
a strainer at the btjttom of the jKiachcr which enables 
the water to be drawn off without disturbing the cotton 
pulp. After the gun-cotton has been in the poacher for 
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some time, a sample should be taken by holding a rather 
lai^ mesh sieve in the current for a minute or so. The 
pulp wilt thus partly pass through and partly be caught 
upon the sieve, and an average sample will be thus 
obtained. The sample is squeezed out by hand, bottled, 
and taken to the laboratory to be tested by the heat test 
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for purity. It first, ho^vever, requires to be dried. This 
is best done by placing the sample between coarse filter 
aper, and then putting it under a hand-screw press, 




where it can be subjected to a tolerably severe pressure 
for about three minutes. It is then rubbed up very 
finely with the hands, and placed upon a paper tray, 
about 6 inches by 4J inches, which is then placed inside 
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a water oven upon a shelf of coarse wire gauze, the 
temperature of the oven being kept as near as possible 
to 120" F. (49" C.)i the gauze shelves in the oven bcinfj 
kept about 3 inches apart The sample is allowed to 
remain at rest for fifteen minutes in the oven, the door 
of which is left wide open. After the lapse of fifteen 
minutes the tray is removed and exposed to tlie air of 
the laboratory (away from acid fumes) for two hours, the 
sample being at some point within that time rubbed 
upon the tray with the hand, in oider to reduce it to a 
fine and uniform state of division. Twenty grains (1.296 
grms.) arc used for the test. (See Heat Test, page 239.) 
If the gun-cotton sample removed from the poacher 
stands the heat test satisfactorily, the machine is stopped, 
and the water drained off. The cotton is allowed some 
tittle time to drain, and is then dug out by means of 
wooden spades, and is then ready for pressing. The 
poachers hold about 1,000 lbs. of material, and as this 
represents the products of many hundred distinct nitrating 
operations, a very uniform mixture is obtained. Two 
per cent, of carbonate of soda is sometimes added, but 
it is not really necessary if the cotton has been properly 
washed. 

Compressing Gun-Cotton.^Thc gim-cotton, in the 
state in which it is removed from the poacher, contains 
from 28 to 30 per cent of water. In order to remove 
this, the cotton has to be compressed by hydraulic power. 
The dry compressed gun-cotton is packed in boxes con- 
taining 2,500 lbs. of dry material. In order to ascertain 
how much of the wet cotton must be put into the press, 
it is necessary to determine the percentage of water. 
This may be done by drj'ing 2,000 grains upon a pai>er 
tray (previously dried at 100° C.) in the \vatcr oven at 
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roo° C. for three hours, and reweighing and calculating 
the percentage of water. It is then easy to calculate how 
much of the wet gun-cotton must be placed in the hopper 
of the press in order to obtain a block of compressed 
cotton of the required weight. Varioii.s forms of presses 
are used, and gun-cotton is sent out either as solid blocks, 
compressed di.scs, or in the form of an almost dry powder, 
in zinc-lined, air-tight cases. The discs arc often soaked 
in water after compression until they have absorbed 25 
f>er cent, nf moi.sture. 

The Walthara Abbey Process,— At the Royal Gun- 
powder Factory. Waltham Abbey, the manufacture nf 
gun-cotton has been carried out for many years under 
the direction of Sir Frederick A. Abel. The process 
used differs but little from that used at Stowmarket. 
The cotton used is of a good quality, it is sorted and 
picked over to remove foreign matters, &c., and is then 
cut up by a kind of guillotine into 2-inch lengths, It is 
then dried in the following manner. The cotton is placed 
upon an endless band, which conducts it to the stove, or 
drying closet, a chamber heated by means of hot air and 
steam traps to about 180° F. ; it falls upon a second 
endless band, placed below the first ; it travels back again 
the whole length of the stove, and so on until delivered 
into a receptacle at the bottom of the farther end, where 
it is kept dry until required for use. The speed at which 
the cotton travels is 6 feet [>cr minute.and as the length 
of the band travelled amounts to 126 feet, the operation 
of drying takes twenty-one minutes. One and a quarter 
lbs. are weighed out and placed in a tin box ; a truck, 
fitted to receive a number of these boxes, carries it along 
a tramivay to a cool room, where it is allowed to cool. 

Dipping. — Mixed acids are used in the proportion 
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of I to 3, specific gravity nitric acid 1.52, and sulphuric 
acid 1.84. The dipping tank is made of cast iron, and 
holds 230 lbs. of mixed acids, and is surrounded on three 
sides by a water space in order to keep it cool. The mixed 
acids are stored in iron tanks behind the dipping tanks, 
and are allowed to cool before use. During the nitration, 
the temperature of the mixed acids is kept at 70' F., and 
the cotton is dipped in quantities of ij lbs, at a time. 
It is put into a tin shoot at the back of the dipping tank, 
and raked into the acids by means of a rabble. It 
remains in the acids for five or .six minutes, and is then 
removed to a grating at the back, pressed and removed. 
After each charge of cotton is removed from the tank, 
about 14 Ib.s. of fresh mixed acids are added, to replace 
amoimt removed by charge. The charge now weighs, 
with the acids retained by it, I 5 lbs. ; it is now placed in 
the |X)ts. and left to steep for at !ea.st twenty-four hours, 
the temperature being kept as low as possible, to prevent 
the formation of soluble cotton, and also prevent firing. 
The pro[)ortion of soluble formed is likely to be higher in 
hot weather than cold. The pots must be covered to 
prevent the absorption of moisture from the air, or the 
accidental entrance of water, which would cause decom- 
position, and consequent fuming off, through the heat 
generated by the action of the water u]x>n the strong 
acids. 

The excess of acids is now extracted by means of 
hydro-e.s tractors, as at Stowmarket, They are worked at 
1 ,300 revolutions per minute, and whirled for live minutes 
(loj lbs. of waste acids are removed from each chaise 
dipixxl). The charge is then washed in a very similar 
manner to that previously described, and again wrung 
out in n centrifugal extractor (1,200 revolutions per 
minute). Ihc gun-cotton is now boiled bj- means of 
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Steam hi wooden tanks for eight hours ; it is then again 
wrung out in the extractors for three minutes, boiled for 
eight hours more, and again wrung out; it is then sent 
to the beater and afterwards to the poacher. The 
poachers hoid 1,500 gals, each, or 18 cwL of cotton. 
The cotton remains six hours in the poachers. Before 
moulding, 500 gals, of water are run into the poacher, 
and 500 gals, of lime water containing 9 lbs. of whiting 
and 9 gals, of a cau.stic s<xia solution. This mixture is of 
such a strength that it is calculated to leave in the 
finished gun-cotton from i to 2 per cent, of alkaline 
matter. 

The pulp is now drawn off and up into the stuff 
chast by tneans of vacuum pressure. Thi.s chest is a 
large cylindrical iron tank, sufficiently elevated on iron 
standards to allow room for the small gauge tanks and 
moulding apparatus below. It holds the contents of one 
poacher (18 cwl.), and is provided with revolving arms to 
keep the pulp stirred up, so that it may be uniformly 
suspended in water. 

Moulding^. — By means of the small measuring tank 
above referred to, the gun-cotton pulp is drawn off" from 
the stuff chest, and run into moulds of the shapes and 
sizes rcquirctl. Thence a large proportion of the water 
is drawn off by means of tubes connected with the 
vacuum engine, the moulds having bottoms of fine wire 
gauze, in order to prevent the pulp from passing through. 
Hydraulic pressure of about 34 lbs. on the square inch is 
then applied, which has the effect of compressing the 
pulp into a state in which it has sufficient consistency 
to enable it to bo handled with care, and also expels a 
portion of the remaining water. 

Compressing'. — The moulded gtm-cotton is now 
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taken to the press house, which is situated at some dis- 
tance from the rest of the factory. Here the moulds are 
subjected to powerful hydraulic pressure, from 5 to 6 
tons per square inch, and is compressed to one-third of 
its previous bulk. The slabs or discs thus formed are 
kept under pressure for a short time, not exceechng a 
minute and a half, to give the requisite density. It 
should, when removed, be compact, and just sink in 
water, and should pi rceptibly yield to the pressure of the 
fingers. There are perforations in the press bk^ks, to 
allow of the cscajie of gases, if formed, by reason of suffi- 
cient heiit being generated. The men working the press 
are placed under cover, behind strong rope mantlets 
having eye tubes which command a view of the press. 



Packing:. — The finished slabs and discs are dipped 
into a solution of soda and carbolic acid, and packed in 
special wood mctal-lincd cases. When it is to be sent 
abroad, the metal lining, which is made of tinned copix>r. 
i» soldered down, but both the outer wooden case and 
inner metnl «.nc are fitted with air-tight screw-plugs, 
fn order thsitwhen ncccss,^ry water can be added without 
unfjistoning the cases. 

Reworked gun-cotton does not make such good 
(l itcH HH new pidiKtl gun-cotton, probably because the 
Ur-HM tenacity of the gun-cotton has been destroyed by 
!!.*I?i"""' "'' '"■'^"'""■c '■» has previously undergone, so 
tlin. I '" '^■'"'''•^■*' 't "-c-^cmblcs fine dust, and fi long 
U ii.-r.L-,-'n" . ./" ''"-"^^ '' '"'" ""y prescribed form. It 
•>ii'l u-mnZ liy ["■■ •''^''" ^"'"-^ t" open "P the fibre 
m«ll.'|, ,,,,1. r > ," '"'"'*'=" "P ^y ^^^'^ w'lh wowlcn 
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Manufacture at Le Bouchet. — At Le Houchct y;uii- 
cotton was made thus : 200 grms. of cotton were steeped 
for an hour in 2 litres of a mixture of i volume con- 
centrated nitric and 2 volumes sulphuric acid. The 
cotton was then removed and pressed, whereby y^ths of 
the waste acids was recovered. After this it was washed 
for one to one and a half hours in running water, strongly 
pressed again ; allowed'jto lie for twenty-four hours in 
wood-ash lye; then well washed in running water; 
pressed, and finally dried on a wide linen sheet, through 
which was forced air heated to 60° C. The average yield 
from lOOpartsof cotton was 165 parts of gun-cotton. The 
strong pressings of the gun-cotton, while still impregnated 
with acids, caused .sub.'^equent washings to be difficult 
and laborious. 

Granulation of Gun-Cotton. — Gun-cotton is often 
required in the granulated form for use either alone or 
with some form of smokeless powder. This is done 
under the patent of Sir Frederick Abel in the following 
manner : — The gun-cotton from the poacher is placed in a 
centrifugal machine, very similar to the hydro-extractors 
before mentioned, and used for wringing out the acids. 
In this machine it loses water until it only contain.s 33 
per cent., and is at the same time reduced to a more or 
less fibrous state. It is then taken to the granulating 
room, where it is first passed through sieves or perfora- 
ticlns, which break up the mass into little pieces like 
shot. The material is then transferred to a revolving 
drum made of woixl or stout leather, which is kept con- 
stantly revolving for some time. The material is occa- 
sionally sprinkled with water. The drum in turning, of 
course, carries the granules partially round with it, but 
the action of gravity causes them to descend constantly 
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Ito the luwost point, and tlius to roll over unc another 
■/Continually. The speed of the drum must not be too 
7 rapid. None of the {granules must be carried round by 
I centrifugal force, but it must be fast enough to carry 
them some little distance up the side of the drum. 
After removal from the drum the granules are dried 
upon shelves in the drying house. 
I Gun-cotton is also dissolved in acetone or acetic acid 
buntil It has taken the form of a jetly. It is then rolled 
ft into thin sheets, and when dry cut up into little squares. 
In the manufacture of smokeless powders from nitro- 
cellulose, nitro-lignine, &c., the various substances are 
mixed with the gun-cotton or collodion-cotton before 
granulating. 

Coliod ion -Cotton.— I n the manufacture of collodion 
or soluble cotton the finer qualities of cotton waste are 
used, and the acids used in the dipping tanks are much 
weaker. The manufacture of collodion-cotton has become 
of more imjxirtance than gun-cotton, by reason of its use 
for the manufacture of the various forms of gelatine, such 
as gelatine dynamite, gelignite, forcite, &c., and also on 
account of its extensive use in the manufacture of many 
of the smokeless powders. It is also used for the manu- 
facture of "collodion," which is a solution of collodion- 
cotton in clhcr-alcohol ; for the preparation of celluloid, 
and many other purposes. It is less explosive tlian gun- 
cotton, and consists of the lower nitrates of cellulose. It 
is soluble in nitro-glycerine, and in a mixture of 2 parts 
of ether and i of alcohol; also in acetone, acetic ether, and 
other solvents. MM. Mi^nardand Domonte were the first 
to |1ro|)iirc a soluble gun-cotton, and its investigation was 
t- CHrricd on by Btichamp, who showed that its properties 
Ltnd compatitlon were difTercnt to those of gun-cotton. 
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Manufacture. — The cotton used is cotton waste.* 
ft is thought by some that ligyptian cotton is preferable, 
and especially long fibre varieties. The strength of the 
acids used is, however, of more importance than the quality 
of the cotton. The percentage composition of the acid 
mixture which gives the best results is as follows : — Nitric 
acid, 23 per cent.; sulphuric acid, 66 per cent.; and 
water, 11 per cent.; and has a specific gravity of 1.712 
(about). It can be made by mixing sulphuric acid of 
specific gravity r.84 with nitric acid of .specific gravity 
1.368 in the projxjrtions of 66 per cent, and 34 per cent. 
respectively. (The production of the penta-nitro-celliilose 
is aimed at if the collodion -cot ton is for use as an ex- 
plosive.) If the acids are much weaker than this, or 
potassium nitrate and sulphuric acid is used, the lower 
nitrates will be formed. The product, while being entirely 
soluble in ether-alcohol or nitro-glycerine, will have a low 
nitrogen content, whereas a material with as high a 
nitrogen as 12 or 12,6 is to be aimed at. , 

The cotton should not be allowed to remain in the 
dipping tanks for more than five minutes, and the acid 
mixture should be kept at a temperature of 65° C. or 
thereabouts ; and the cotton should be removed after a 
few minutes, and should not be pressed out, as in the 
case of gun-cotton, but at once transferred to the pots 
and allowed to steep for forty-eight hours. (Some prefer 
twenty-four hours, but there is more chance in this case 
of the product containing non-nitrated cellulose.) When 
the nitration is complete, the collodion-cotton is removed 
from the pots, and treated in exactly the same manner 
as descriljed under gun-cotton. The produce should be 
entirely soluble in ether-a!cohol and nitro-glycerine, and 

* Raw cotton is often used. 
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conUin as near tj.7 pa- cent of nitrogL-n as ixjssiWu. 
The tfacixctica] oitni^^cn is for iho penla-riitro-ccllulosc 
ii/5 j«r CKnt- This will, howc^-cr, seldom if ever be 
obcunod The foIIoM-ing are some o( the results [ have 
qbta i aed (mm difTerent samples — 



It ^HtSii i.\mtain as little non-nitrated or unconverted 
v\<tvMi and as little j;fun-cotton as possible, as they are 
bv<th iUA'Iuble in nitro-glycerol. The quality and com- 
(^^iitkvi vit" any sample of collodion-cotton can be quickly 
ink-mNl by determining the percentage of nitrogen by 
nK\»'»s «.»!" the nitrometer and the use of the solubility 
tea * A high nitrv^jen content coupled with a high 
A^wbi'ily is the end to be aimed at ; a high nitrogen 
with J U'tt ^'luhility shows the presence of gun-cotton 
,«;s-; A Vw «itrvvvi>. tt^'ther with a low solubility, the 
(■*\-:a.tK\- ^^^■ unniimtctl cotton. 

Ml r. K. KrAiKC claims to have invented some im- 
iv\>w<;is-<';x ;;» ;hi- nunufaeturv of soluble nit ro-cel lit lose. 
M-' .^^N^; Sa>^ Kx-^i ^' (irvMlucv an article as uniform as 
iwvx NV Hi> oXfiUiMtiviH of the imperfect action of the 

• S« A>m1>^s*s at E\piosives, p. 103. 
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acids is that, however uniform the mixed acids may be 
in strength and proportions, and however carefully the 
operations of nitrating. &c,, may be conducted, there are 
variable elements found in different samples of cotton. 
The cotton fibre has for its protection a glazed surface. 
It is tubular and cellular in structure, and contains a 
natural semi-fluid substance composed of nil or gum, 
which varies in nature according to the nature of the soil 
upon which tlie cotton is grown. The tubes of the fibre 
seem to be o[>en at one end only when the fibre is of 
normal length. When, therefore, the cotton is subjected 
to the action of the mixed acids, the line of least resist- ' 
ancc seems to be taken by them, viz., the insidcs of the 
tubes, constituting the fibre of the cotton into which they 
are taken by capillary attraction, and arc subject to 
change as they progress, and to the increased resistance 
from the nil or gum, &c., in their progress, and therefore 
to modified action, the result of which is slower and 
slower action, or chemical change. He also thinks it is 
possible that the power of capillary attraction is balanced 
in the tubes by air contained therein, after a little, suffi- 
ciently so to prevent the acids from taking full effect. 
To get over this, Mr France uses his cotton in a fine 
state, almost dust, in fact, and then nitrates in the usual 
mixture of acids at 40" to 90° F., the excess of acids being 
removed by pressure. He says he does not find it neces- 
sary to wash this fine cotton dust in an alkaline solution 
previous to nitration. His mixed acids consist of 8 
l»arts HN03 = 42'' B., and 12 [xirts HjSO, = 66' B., and 
he stirs in the dipping tank for fifteen minutes, the 
temperature being 50" F. to 100" F,. the temperature 
preferred being 75" F. 

Nitrated Gun-Cotton. — The nitrates that are or 
G 
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L have been mixed with gun-cotton in order to supply 
; oxygen are potassium nitrate, ammonium nitrate, and 
[ barium nitrate (tonite). The total combustion of gun- 
cotton by potassium nitrate corresponds to the equa- 
\ tion : — 

io[C«H,8{NO^H)„OJ+82KNOg= i99CO,-|-4i K,CO, 
+ I4SH,0-|-96N„ 
I or 828 grms, of nitrate for I,r43 grms. of gun-cotton, or 
42 per cent, nitrate and 58 per cent, gun-cotton. The 
xplosive made at Faversham by the Cotton Powder 
Company, and known as tonite No. 1, consists of very 
nearly half gun-cotton and half barium nitrate. The 
relations by weight of total combustion would be $1.6 of 
gun-cotton to 48.4 of barium nitrate. The average com- 
position of tonite I have found by analysis to be 51,0 
per cent, gun-cotton to 49.0 per cent, barium nitrate. 
The heat liberated is practically the same as for an 
I equivalent weight of KNOj ; but the barium nitrate 
mixture weighs 2,223 grnis. instead of 1.971 grms., or 
one-eighth more. The advantage in mixing a nitrate 
with gun-cotton is that it supplies oxygen, and by con- 
verting all the carbon into carbonic acid, prevents the 
formation of tht: poisonous gas carbonic oxide (CO). 

The Manufacture of Tonite. — The explosive 

tonite was patented by Messrs Trench, Faurc, and 

Mackic, and is manufactured at Faversham and Melling 

I at the works of the Cotton Powder Company, and at 

\ S.in Francisco by the Tonite Powder Company. It 

consists of finely divided and macerated gun-cotton 

incorporated with finely ground nitrate of barium which 

has been carefully recrystallised. It is made by acting 

upon carbonate of barium ■ with nitric acid. The wet 

• Wilhcrite (BaCO,)BaCOj-l-2HNO,=Ba{NO,);+CO,4-H,0. 
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and perfectly purified, finely pulped gun-cotton is 
intimately mixed up between edge runners with about 
the same weight of nitrate, and the mixing and grinding 
continued until the whole has become an intimately 
mixed paste. This paste is then compressed into 
cartridges, formed with a recess at one end for the pur- 
|H>se of inserting the detonator. The whole is then 
covered with paraffined paper. 

The tonite No. 2 consisted of gun-cotton, nitrate.s of 
pota.sh and soda, charcoal and sulphur. Tonite No. 3* 
is composed as follows: — Gun-cotton, 19 per cent; 
di-nitro- benzol, 13 per cent. ; and barium nitrate, 68 
per cent, or similar proportions. It is a yellowish colour, 
and being slower in its explosive action, is better adapted 
for blasting .soft rock. 

Tonite is extensively used in torpedoes and for sub- 
marine blasting, also for quarries, &c. Large quantities 
were used in the construction of the Manchester Ship 
Canal. Among its advantages are, that the English 
railways will take tonite on the same footing as gun- 
powder ; it is a very den.sc material ; if wetted it can 
easily be dried in the sun ; it very readily explodes by 
the use of a proper detonator ; while it burns very slowly 
and without the least danger ; the cartridges being water- 
proofed, it can be employed in wet bore holes, and it can 
be tamped with water ; and finally, as it contains sufficient 
oxygen to oxidise the carbon, no carbonic oxide (CO) 
gas is formed, />., its detonation is perfect. It is a very 
.safe explosive to use, being little susceptible to either 
blows or friction. 

Quite lately a committee, comjxjsed of Prof. F. 



* Tonite No. i was palcnlcd by Messrs Trench, Faure, and 
Mackic, and tonite Nos. i and 3 by Trench alone. 
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Bedson, Drs Drummond and Hume, Mr T. Bel!, one of 
H.M. Inspectors of Coal Mines, and others, in considering 
the problem whether the fumes produced by the com- 
bustion of tonite were injurious to health, carried out a 
series of experiments in coal mines for this puriJosc. 
The air at the " intake " was analysed, also the air of the 
" return," and the smoky air in the vicinity of the shot 
holes. The cartridge was surrounded by the flame- 
cxtinguishing mixture, and packed in a brown paper bag. 
During the first experiment nineteen shots were fired 
( = 6.29 lbs. tonite). The "return" air showed only a 
trace of carbonic oxide gas (CO). At the second experi- 
ment thirteen shots were fired (=4.40 lbs. tonite), and 
analysis of the air of the " return " .showed that CO was 
present in traces only, whilst the fumes contained only 
1.9 to 4.8 parts per lo.ooo. 

Dangers in connection with the Manufacture of 
Gun-cotton, &c. — Of all the nitro compound.s, the least 
dangerous to manufacture are gun-cotton and collodion- 
cotton. The fact that the Stowmarket Factory is within 
five minutes' walk of the town shows how safe the manu- 
facture of this explosive is regarded. With the exception 
of the nitration and the compression into blocks or discs, 
the whole process is worked with a large excess of water, 
and the probability of an explosion is thus reduced to a 
minimum. Among the precautions that should, however, 
be taken, are — first, the careful extraction of the resinous 
and soluble substances from the cotton before nitration, 
as it was shown many years ago by Sir F. A. Abel that 
the instability of the gun-cotton first manufactured in 
England and Austria was chiefly due to these com- 
pounds. They are generally removed by boiling the 
cotton in a soda solution. 
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The actual nitration of cotton is not a dangerous 
operation, but the o|jerations of wringing in the hydro- 
extractors, and washing the nitro-cotton after it leaves 
the first centrifugal machine, are somewhat so. Great 
care should be taken that the wrung out nitro-cotton 
at once comes in contact with a large excess of water, 
/>., is at once immersed entirely in the water, since at 
this stage it is especially liable to decomposition, which, 
once started, is very difficult to stop. The warmer the 
mixture and the less water it contains, the more liable it 
is to decomposition ; hence it is that on warm and 
damp days the centrifugal machines are most likely to 
fire. The commencement of decomposition may be at 
once detected by the evolution of red fumes. Directly 
the gun-cotton is immersed in the large quantity of 
water in the beater and poacher it is safe. 

In order that the final product may be stable and 
have good keeping qualities, it is necessary that it should 
be washed completely free from acid. The treatment in 
the beater and poacher, by causing the material to 
assume the state of a fine pulp, in contact with a large 
quantity of water, does a good deal to get rid of the free 
acid, but the boiling proce.ss is absolutely necessary. It 
has been proposed to neutralise the free acid with a 
dilute solution of ammonia ; and Dr C. O. Weber has 
published some experiments bearing upon this treat- 
ment. He found that after treatment with ammonia, the 
pyroxyline assumed a slightly yellowish tinge, which 
was a sure sign of alkalinity. It was then removed from 
the water, and roughly dried between folds of filter pa[Ter, 
and afterwards dried in an oven at 70° C. After three 
hours, however, an explosion took place, which entirely 
destroyed the strong copper oven in which the nitro- 
cotton (about I o!!.) had been drj-ing. The explosion 
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was in some respects remarkable. The pyroxyline was" 
di-nitro-cellulose (ur possibly the pcnta-nitro ?), and the 
temperature was below the ij^niting point of this material 
' (40" C. would have been a better temperature). Dr 
r Weber determined the ignition point of his di-n"'ro- 
I cellulose, and found it to be (94° to 198° C, and he is 
I dierefore of opinion that the explosion was due to the 
I' treatment of the partially washed material with ammonia. 
I A certain quantity of ammonium nitrate was probably 
[.formed, and subsequently dried upon the nitro-cellulose, 
I in a state of very fine .subdivision. The faintest trace 
lof acid would then be sufficient to bring about the 
[explosive ignition of the ammonium nitrate, 

The drying of gun-cotton or collodion -cotton is also 
.somewhat dangerous operation. A temperature of 
I 40° C. ( 104° F.) should not be exceeded, and thermometers 
I should be placed in the nitro-cotton,and the tem[>erature 
frequently observed. An electric alarm thermometer la 
[ also a useful adjunct to the cotton drying house. Great 
I care must also be taken that there are no exposed hot- 
1 water pipes or stoves in the drying house, as the fine gun- 
Lcotton 'dust produced by the turning or moving of the 
J material upon the .shelves would settle upon such pipes 
I or stoves, and becoming hot, would be very sensitive to 
I the least friction. The floor also should be covered with 
r linoleum or indiarubber. When hot currents of air are 
t made to pass over the surface of gun-cotton, the gun- 
r cotton becomes electrified. It is important, therefore, to 
I provide some means to carry it away. Mr W. F. Reid, 
I F.I.C., was the first to use metal frames, carriers, and 
' sieves, upon which is secured the cloth holding the gun- 
cotton, and to earth them. 

The compression of gun-cotton into blocks, discs, &c., 
also attended with considerable risk. Mr O, Guttmann, 
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7 fan interesting paper upon "The Dangers in the Manu- 
acture of Explosives" (/our. Soc. Chem. hid.. No. 3, 
vol. xi., 1892), says: "The compression of gun-cotton 
into cartridges requires far more care than that of gun- 
powder, as this is done In a warm state, and gun-cotton 
even when cold, is more sensitive than gunpowder. 
When coming out of the centrifugal machines, the gun- 
cotton should always pass first through a sieve, in order 
to detect nails or matches which may by chance have 
got into it. What has been said as to gunpowder presses 
applies still more to those for gun-cotton, although the 
latter arc always hydraulic presses. Generally the pistons 
fit the mould perfectly, that is to say, they make aspira- 
tion like the piston of a pump. But there is no metal as 
yet known which for any length of time will stand the 
constant friction of compression, and after some time the 
mould will be wider in that part where the greatest com- 
pression takes place. The best metal for this purpose 
has proved to be a special steel made by Krupp, but this 
also is only relatively better ; for pistons I prefer hard 
cast iron. If the (msition of the moulds and pistons is 
not exactly the same in all cases, what the Germans call 
'Ecken' (English 'binding') will take place, viz., the 
mould will stand obliquely to the piston, and a dangerous 
friction will result." " Of course, it is necessary to protect 
the man working the hydraulic valves during compression. 
At Waltham Abbey they have a curtain made of ship's 
hawsers, which is at the same time elastic and resistant." 
Mr Guttmann has found that a partition wail 12 inches 
thick, made of 2-inch planks, and filled with ground 
cinders, gives very effective protection. A door in this 
partition enables the workman to get to the press, and a 
conical tube penetrates the wall, enabling the man to see 
the whole work from a safe standpoint. The roof, or 
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of tile building, should be of glass, so as ttf 
e cxidosioii a dircctio 

Trench's Fire-extinguishing Compound is manu- 
"Tactured by the Cutlon Powder Company at Faversham, 
and is the invention of Mr George Trench, F.C.S., the 
manager of the Company. The object of the invention 
is to surround the cartridges of tonite, when used in coal 
mines, with a fire-extinguishing compound, if a charge 
of tonite, dynamite, or gelatine dynamite is put inside a 
few ounces of this mixture, and then fired, not the least 
trace of flame can be observed, and experiments appear 
, B-^ ^ 

IFi^. i8.-T«KCM'i Fikii-E«iN,.u 
D show that there is no flame at all. The compound 
onsists of sawdust impregnated with a mixture of alum 
nd chlorides of sodium and ammonia. Fig. l8 shows 
the manner of placing the tonite cartridge in the paper 
bag, and surrounding it with the fire-extinguishing com- 
pound, a a. The atuchment of the fuse and detonator 
is also shown. 

The following report (taken from the Favenham 
Ntws, 22nd Oct. 1S87) of experiments conducted in the 
presence of several scientific and mining men will show 
its value: — " A large wrought-iron tank, of 45 cubic feet 
apacity, had been sunk level with the ground in the 
■ of the yard ; to this lank the gas had been laid 
h lor a purpose that will be explained later on. The 





TKtNCllS FIRE-EXTlNUUlSllINLi COMl'OUNI>. lOS 

charycs were fired by means of electricity, a small 
dynamn-firing machine bein^ placed from 30 to 40 yards 
away from the ' mine.' " Operations were commenced 
by the top of the tank beinf^ covered over and plastered 
down in order to make it air tight ; then a sufficient 
quantity of coal gas was placed in it to make it highly 
indammable and explosive, the quantity being ascer- 
tained by a meter which had been fixed specially for the 
purpose. Whilst the gas was being injected the cartridge 
was prepared. 

The first experiment was to try whether a small charge 
of tonite— fired without the patent extinguisher — would 
ignite the gas. The gas having been turned on, a 
miner's lamp was placed in the "tank," but this was 
extinguished before the full quantity of gas had gone 
through the meter. However, the gas being in, the 
charge of ij 02. tonite was placed in the "mine," the 
detonator was connected by means of long wires to the 
dynamo machine, and the word was given to "fire." 
With a tremendous report, and a flash of fire, the cover- 
ing of the mine flew in all directions, clearly showing 
that the gas had exploded. The next cartridge (a 
similar charge) was prepared with the patent compound. 
First of all a brown paper case of about 3 inches 
diameter was taken, and one of the tonite cartridges 
was placed in the centre of it, the intervening space 
between the charge and the case being packed with 
the "fire-extinguishing compound." The mine having 
had another supply of gas injected, the protected car- 
tridge was placed inside and fired. The result was 
astonishing, the explosion not being nearly so loud, 
whilst there was not the least flash of fire. " Protected " 
and "unprotected" charges were fired at intervals, gas 
being turned into the tank on each occasion. Charges 
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of tonitt; varyiiiy from i to 6 oz. were also used with 
the compound. The rejxjrt was trifling, whilst no flash 
could be seen. 

Uses of Collodion-Cotton — The collodion or soluble 
gun-cotton is used fora variety of purpos*^. The chief use 
is, howevur, for the manufacture of the various explosive 
gelatine compounds, of which blasting gelatine is the 
type. It is also very extensively used in the manufacture 
of smokeless powders, both military and sporting — in 
fact, very few of them do not contain it. In some, how- 
ever, nitro-lignose or nitrated wood is used instead. This, 
however, is chemically the same thing, viz., nitro-ccllulose. 
the cellulose being derived from the wood fibre. It is 
more used in this connection than the higher nitrate 
gun-cotton. Another use to which it has been applied 
very extensively, of recent years, is in the manufacture 
of " celluloid." 1 1 is used in photography for the prepara- 
tion of the films on the sensitised plates, and many other 
purposes. Dissolved in a solution of two parts ether 
and one of alcohol, it forms the solution known as 
collodion, used for a variety of purposes, such as a 
varnish, as a paint for signals ; in sui^ery, for uniting 
the edges of wounds. 

Quite lately, Mr Alfred Nobel, the well-known 
inventor of dynamite, has patented the use of nitro- 
cellulose, hydro- or oxy-cellulose. as an artificial sub- 
stitute for indiarubber. For this purpose it is dissolved 
in a .suitable non-volatile or slightly volatile "solvent," 
ich as nitro-naphthalene, di-nitro-benzene, nitro-toluene, 
or its homologues ; products are obtained varying from 
a gelatinous consistency to the hardness of ebonite. The 
proportions will vary from about 20 per cent, of nitro- 
cellulose in the finished product, forming a soft rubber. 
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to 50 (jer cent, nitrating cellutoid, and the "solvent" 
chosen will depend on the use to which the rubber 
substitute IS to be put, the liquids giving a more elastic 
substance, while mixtures of solids and liquids may be 
employed when the product is to be used at high tem- 
p-jratures. Ky means of rollers steam heated, the incor- 
poration may be accomplished without the aid of a 
volatile liquid, or the nitro -cellulose may be employed 
wet, the water being removed after " solution." 

It is advisable to use the cellulose nitrated only just 
enough to render it suitable, in order to reduce the 
inflammability of the finished product. Mr W. Allen, 
M.l'„ of Gateshead, proposes to use celluloid for car- 
tridge cases, and thus to lighten ammunition, and pre- 
vent jambing, for the case will be resolved into gases 
along with the powder. Extractors will also be done 
away with. 

Celluloid is an intimate mechanical mixture of pyr- 
oxyiine (gun-cotton or collodion-cotton) with camphor, 
first made by Hyatt, of Newark, U.S.A., and obtained by 
adding the pyroxyline to melted camphor, or by strongly 
compressing the two substances together, or by dissolv- 
ing the constituents in an appropriate solvent, f^.. alcohol 
or ether, and evaporating to dryness, A combination of 
the two latter methods, i.e.. partial solution, with pressure, 
is now usually adapted. The pyroxyline employed is 
generally the tetra- and pent a-n it rated cellulose, the 
hexa-nitrate (gun-cotton) being but seldom used on 
account of its explosive properties. 

Care is taken to prevent the formation of the hexa- 
nitrate by immersing the cellulose in only moderately 
strong nitric acid, or in a warm mixture of nitric and 
sulphuric acids. Thin paper, either in small pieces or in 
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sheets, is immersed for about twenty-five minutes in 
a mixture of 2 parts of nitric acid and S parts 
of sulphuric acid, at a temperature of about 30" C, 
after which the nitrated cellulose is thoroughly washed 
with water to remove the last traces of free acid, 
pressed, and whilst still moist, mixed with the cam- 
phor. 

In the process of Trcbouillet and De Besancele, the 
cellulose, which may be in the form of pai>er, cotton, or 
linen, is twice nitrated — first in the acid mixture employed 
in a previous operation ; and secondly, in a fresh mixture 
of 3 parts sulphuric acid of 1.83 specific gravity, and 2 
parts concentrated nitric acid containing nitrous acid. 
After each nitration the mass is subjected to pressure, 
and is then carefully washed with water, to which, at the 
last, a small quantity of ammonia or caustic soda is added 
to remove the final traces of acid. The impregnation of 
the pyroxyline with the camphor is effected in a variety 
of ways. 

The usual proportion of the constituents is 2 parts 
pyroxyline and i part camphor. In Trebouillet and 
IJe Hesancele's process, 100 parts of pyroxyline are 
intimately mixed with from 40 to 50 parts camphor, 
and moulded together by strong pressure in a hot press, 
and afterwards dried by exposure to air, desiccated by 
calcium chloride or sulphuric acid. The usual method is, 
however, to dis.solvc the camphor in the least possible 
quantity of alcohol, and sprinkle the solution over the dry 
pyro.xyline, which is then covered with a second layer of 
pyroxyline, and the whole again treated with the camphor 
solution, the addition of pyroxyline and camphor solution 
being repeated alternately until the requisite amount of 
celluloid mixture is obtained. 

The mass, which sinks together in transparent lumps, 
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Bp worked for about an hour between cold iron rollers, 
and then for the same period between rollers which can be 
gently heated by steam. The layer of celluloid surround- 
ing the rollers is then cut away and again ])resscd. the 
resulting cake, which is now about i cm. thick, being cut 
into plates of about 70 cm. long and 30 cm. broad. The.'K 
are placed one above the other, and strongly pressed . 
together by hydraulic pressure at a temperature of about 
70° for twenty-four hours. The thick cakes are once 
more cut into plates of the desired thickness, and placed 
in a chamber heated from 30° to 40" for eight to fourteen 
days, whereby ihey become thoroughly dry, and are 
readily made into various articles cither by being moulded 
while warm under pressure, cut. or turned. Occasionally 
other liquids, e^.. ether and wood spirit, are used in place 
of alcohol as solvents for the camphor. 

Celluloid readily colours, and can be marbled for 
manufacturing purposes, &c. It is highly inflammable 
and not explosive even under pressure, and may be 
worked under the hammer or between rollers without 
risk. It softens in boiling water, and may be moulded 
or pressed. Its specific gravity varies slightly with its 
composition and with the degree of pressure it has 
received, It is usually 1.35. It appears to be merely a 
mixture of its components, since by treatment with 
appropriate solvents the camphor may be readily ex- 
tracted, and on heating the pyroxyline burns away while 
the camphor volatili.se.s. 

The manufacture of pyroxylinc for the purpose of 
making celluloid has very much increased during recent 
years, and with this increase of production improved 
methods of manufacture have been invented. A series 
of interesting papers upon the manufacture of pyroxyline 
has been published by Mr Walter D. Field, of New 
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fcYork, in i\\G Journal of the American Chemical Society,* 
lirom which the following particulars are taken : — 

Selection of the Fibre. — Cotton fibre, wood fibre, 
and flax fibre in the form of raw cotton, scoured cotton, 
pa|Jer, and rags are most generally used, and give the 
best results. As the fibres differ greatly in their structure, 
they require different methods of nitrating. The cotton 
fibre is a flattened hollow ribbon or collapsed cylindrical 
tube, twi.sted a number of times, and closed at one end 
to form a point. The central canal is large, and runs 
nearly to the ajiex of the fibre. Its side walls are mem- 
braneous, and are readily jxinctrated by the mixed acids, 
and consequently the highest nitration results. In the 
flax fibre the walls are com|)ara lively thick, the central 
canal small ; hence it is to be presumed that the nitration 
must proceed more slowly than in the case of cotton. 
The New Zealand fiax gives the most jxirfcctly soluble 
nitrates of any of the fla.scs. Cotton gives a glutinous 
collodion, and calico a fluid collodion. One of the largest 
manufacturers of pyroxyline in the States uses the 
" Memphis Star " brand of cotton. This is an upland 
cotton, and its fibres arc very soft, moist, and elastic. 
Its colour is light creamy white, and is retained after 
nitration. The staple is short, and the twist inferior to 
other grades, the straight, ribbon-like filaments being 
quite numerous. This cotton is used carded, but not 
scoure<i. This brand of cotton contains a large quantity 
of half and three-quarter ripe fibre, which is extremely 
thin and transparent, distributed throughout the bulk of 
the cotton (Monie., Cotton Fibre, 67). Mr Field. says, 

XV.. No. 3, 1893 ; Vol. xvi.. No. ?, 1894 ; Vol. xvi.. No. 
t'lR*- <9> 30, 31, ]2, and 33 art taken Troin Mr Field's 
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significant fact when it is known that from this 
cotton an extremely soluble pyroxyline can be produced." 

Fyroxyline of an inferior grade as regards colour only 
can be produced from the cotton wastes of the trade. 
They must be scoured before they are fit for nitrating. 
Paper made from the pulp.s of sulphite and sulphate 
processes is capable of yielding a very soluble pyroxyline. 
It can be nitrated at high temperatures and still yield 
good results. Tissue paper made from flax fibre is also 
used after being cut into squares. 

Mowbray (U.S.P., No. 443, 105, 3rd December 1890) 
says that a pure cotton tissue paper less than j^ 
inch in thickness, thin as it i.s, takes on a glutinous 
or colloid surface, and thus requires some thirty minutes 
to enable the nitration to take place. With a thicker 
pajxir only the surface would be nitrated. He therefore 
uses a fibre that has been saturated with a solution 
of nitrate of soda, and afterwards dried slowly, claim- 
ing that the salt crystallises in the fibre, or enters 
by the action termed osmose, and opens up the fibre to 
the action of the acid. This process would only be 
useful when the cotton is to be nitrated at a low tem- 
perature. At a high temperature it would be unneces.sary, 

Dietz and Wayne {U.S.P., No. 133, 969) use ramie, 
rheca, or China grass for producing a soluble pyroxyline. 
That made from ramie is always of uniform strength 
and solubility, and requires a smaller quantity of solvent 
to dissolve it than that made from cotton. Mr Field's 
experience, however, is entirely contrary to this state- 
ment. Such is the influence of the physical form of the 
fibre on-the process of nitration, that when flax fibre and 
cotton fibre are nitrated with acid mixtures of exactly 
the same strength, and at the same temperature, the 
solution of the first is glutinous or thick, and the second 
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fluid or thin. By simply nitrating at a higher tem| 
ture than the cotton, the flax will yield a pyroxyline 
givinff an equally fluid collodion. 

The presence of chlorine in the fibre must be carefully 

lavoidcd, as .such a fibre will yield an acid product which 

P-cannot be wa,shcd neutral. The fibre must be drj' before 

nitration ; and this is best done, according to Mr Field, 

by u.sing the furni of drier used in drying wool. 

Nitration of the Fibre. — Mixed cotton and flax fibre 
in the form of paper, from ^nny to inon '"<^h thick, and cut 
into 1 -inch squares, is nitrated by the Celluloid Manufac- 

t taring Company, and the same paper, left in long .strips, 
I'inch wide, i.s used for nitration by the Xylonite Manu- 
facturing Company, of North Adams, Mass. (U.S.A.). 
The Celluloid Company introduce the cut paper into 
the mixed acids by means of a hollow, rapidly revolving 
tube, flared at the lower end, and immersed in the mixed 
acids. The centrifugal force of the revolving tube throws 
the paper towards the sides of the vessel, leaving the 
centre of the vessel ready for fresh paper 
The Xylonite Company simply cut the paper into 
long strips, and introduce it into the mixed acids by 
means of forks. The arrangement used by this Com- 
pany for holding the mixed acids is a cylindrical vessel 
divided into a number of sections, the whole revolving 
like a turntable, thus allowing the workman to nitrate 
successively each lot of pa|)er at a given point. This 
Company did not remove the acid from the paper after 
its immersion, but plunged it immediately into the 
I water, thus losing a large proportion of the waste acid, 

^^M The Celluloid Company, by using the paper in smaller 
^^^ pieces, and more p.ipcr to a pound of acid, and wringing 
^^^ the mixed acid from the paper before immersion in 
water, had a Ijcttcr process of nitration. 
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Other manufacturers use earthenware vessels, and 
glass or steel rods, hooked at one end, havinfj small 
pieces of rubber hose pulled over the other end to pre- 
vent the hand from slipping. , 
The form of vessel in general 
use is that given in Fig. 19. 
It is large enough to nitrate 
I lb. of cotton at a time. _ 

The hnok at one end of the Conon <.k p^rttt. 

rod enables the workman to pull the pyroxyline apart, 
and thus ensures saturation of the fibre. In the winter 
the room in which the nitrating is done must be kept 
at a tem[jerature of about 70° K in order to secure 
equality in the batches. 

The nitrating apparatus of White and Schupphous 
(U.S.P., No. 418, 237, 89) Mr Field considers to be 
both novel and excellent. The cage (Fig. 21), with its 
central perforated cylinder (Fig. 20), is intended to ensure 





the rapid and perfect saturation of the tissue paijer used 
for nitrating. The patentees say that no stirring is 
required with their apparatus. This, says Mr Field, 
might be true when paper is u.sed. or even cotton, when 
the temperature of nitration is from 30° to 35" C, but 
would not be true if the temperature were raised to 50" 
H 
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to 55° C. The process is as follows: — The paper is 
nitrated in the cage (Fig. 20), the bottom of which is 
formed by the flanged plate C, fastened to the bottom 
of the internal cylinder li. After nitration the cage is 





carried to a wringer, which forms the basket, and ihc 
acids removed. Finally, the cage is taken to a plunge 
tank, where the jiaper is removed from the cage by 
simply pulling out the central jjerforatcd cylinder if. 
Fig. 23 shows the nitrating pot, with its automatic 




I'ho plun)>c tank is shown in section and plan in 
Thiit ttppjtratuM is suitable for the nitration of 
B III bulk at hiyh or low tcmi>cratures. Other 
t turn been patented arc Mowbray's (U.S.P., 
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No. 434, 2S7), in which it is proposed to nitrate paper in 
continuous lengths, and Hyatt's (U.S.P., No. 210, 611). 

The Acid Mixture.— Various formula; have been 
published for producing soluble ni' o- cellulose. In 
many instances, although the observations were correct 
for the single experiment, a do:!en experiments would 
have produced a dozen different products. The com- 
position of the acids used depends upon the substance 
to be nitrated, and the temperature at which the nitration 
will be worked. Practically there are three formuU-E in 
general use — the one used by the celluloid manufac- 
turers; another in which the cotton is nitrated at high 
temperatures; and a third in which the temperature of 
the immersion is low, and the time of nitration about six 
hours. Of the three, the best method is the last one, or 
the one in which the cotton is immersed at a low tem- 
perature, and then the reaction allowed to proceed in 
pots holding from $ to 10 lbs. of cotton. The formula 
used by the celluloid manufacturers for the production of 
the low form of nitrated product which they use is : — 

Sulphuric acid - - - - 66 parts by weight. 

Nitric acid '7 „ „ 

» Water ------ 17 „ „ 

Temperature of iinmersion, 30° C. Time, twenty to 
thirty raintites. 
The cellulose is used in the form of tissue paper 
loon '"ch thick, i lb. to 100 of acid mixture. The 
nitro-cellulose produced by this formula is very insoluble 
in the compound ethers and other solvents of pyroxyline, 
and is seemingly only converted or gelatinised by the 
action of the solvent The next formula produces a mix- 
ture of tetra- and pcnta-nitro-cellu loses hardly soluble 
in raethyl-alcohoi (free from acetone), but very soluble 
in anhydrous compound ethers, ketones, and aldehydes: — 
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Icacid, sp. gr. 1.43; - - - - 8 lbs. 

Sulphurk acid, sp. gr. 1.83 - - - - 15I i 
Cot ion 

Temperalure of nitration, 60^ C. Time o 
forty -five minutes. 

Tht: 60' of tem|)erature is developed by mixing die 
acids together. The cottoti is allowed to remain in the 
acid until it Teels " short " to the rod. 

The following table, due to Mr W. D. Field, shows 
very plainly the great variation in the time of the immer- 
sion and the temperature by seemingly very slight causes. 
It extends over fourteen working days, during which 
time it rained fottr days. The formula used is that given 
above, except that the specific gravity of the nitricacid 
is somewhat lower. The product obtained differs only 
from that produced by using nitric acid of sj^ecific gravity 
1.43 in being .soluble in methyl -alcohol. From 30 to 35 lbs. 
of pyroxylinc were produced in each of the fourteen days. 
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A careful examination of this table will prove very 
instructive. The increase in yield varies from 31 per 
cent, to nothing, and the loss runs as high as 10 per 
cent., yet care was taken to make the product uniform in 
quality. On the days it rained there was a loss, with the 
exception of the fourth day, when there was neither a 
loss nor a gain. On the days it wa.s partly clear, as Just 
before or after rain, the table shows a loss in product. 
We can explain this fact by reason of the moisture- 
absorbing qualities of the cotton. On the rainy days it 
would absorb the moisture from the air until, when im- 
mersed in the acids, they were weakened, and the fibre 
dissolved more or less in weakened acid, producing what 
is known as "burning" in the batch. It will also be 
noticed that on days which show a loss, the time of the 
immersion was correspondingly short, as on the- tenth, 
twelfth, and seventh days. 

The lesson this table teaches is, that it is almost im- 
possible to nitrate cellulose in small quantities, and get 
uniform results, when the nitration is carried on at high 
temperatures. As regards the solubility of pyro.-cyline, 
I'arks found that nitro-benzene, aniline, glacial acetic acid, 
and camphor, dissolved in the more volatile solvents 
methyl-alcohol and alcohol-ether, were much the best 
solvents for producing a plastic,as thcyare less volatile. and 
develop greater solvent action under the influence of heat. 
Nitro-benzene gives a solution that is granular ; it seems 
to merely convert the pyroxyline, and not to dissolve 
it ; but on the addition of alcohol, a solution is at once 
obtained, and the granular appearance disappears, and 
the solution becomes homogeneous. The acid mixture 
and the method of nitrating have much to do with the 
action of the various solvents, so also has the presence of 
water. 
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Dr Schupphous found that propyl and isobuty! alco- 
hols with camphor were active solvents, and the ketones, 
pahnitone, andstearone in alcohol solution, also alpha and 
beta-naphthol, with alcohol and anthraquinone (dipheny- 
lenc diketone) in alcoholic solution, and also iso-valeric 
aldehyde and its derivatives, amy liden -dimethyl and 
amy li den -diethyl ethers, 

August Sayer (U.S.P., No. 470, 451) finds diethyl- 
ketone, dibutyl-ketone, di-pentyl-ketone, and the mixed 
kelones.* methyl-ethyl, methyl -propyl, methyl-butyl, 
methyl-amyl, and ethyl-butyl ketones are active solvents 
of pyroxyline; and Paget finds that although nuethyl- 
amyl oxide is a solvent, that ethyl-amyl oxide is not. 

The solvents of pyroxyline can be divided into general 
classes — First, those which arc solvents without the aid 
of heat or solution in alcohol ; second, those that are 
solvents when dissolved in alcohol. These solvents are 
those which also develop a solvent action when heated 
to their melting point in combination with pyroxyline. 

Mr W. D. Field groups the solvents of pyroxyline 
into classes thus : — Two of the monohydric alcohols ; 
compound ethers of the fatty acids with monohydric 
alcohols, aldehydes ; simple and mixed ketones of the 
fatly acid series. These four classes include the greater 
number of the solvents of pyroxyline. Those not included 
are as follows: — Amyl-nitrate and nitrite, methylene-di- 
mcthyl ether, cthidene-diethyl ether, amyl-chloracetate, 

• Ketones arc derived from ilie fally acids by the stibsiiiution 
of the hydroxyl of Ihe latter by a monad positive radical. They 
thus resemble aldehydes in constitution. The best-known ketone 

I is acetone CH^.CO.CHp Mined ketones are obtained by dis- 
tilling together salts of two different Iklty acids. Thus potassic 
^lynite and potassic acetate fonn propyl-mclhyl ketone — 
■ 
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ttro-benzene anc! di-nitro-benzene, coumarin, camphor, 
glacial acetic acid, and mono-, di-, and tri-acetin, 

Richard Hale uses the following solvent: — Amyl- 
acetate, 4 volumes ; petroleum naphtha, 4 volumes ; 
met hy! -alcohol, 2 volumes ; pyroxylin, 4 to 5 ounces to 
the gallon of solvent. Hale used petroleum naphtha to 
hasten the drying qualities of the varnish, so that it 
iitld set on the article to be varnished before it had a 
nee to run off. It is, however, the n on -hygroscopic 
racier of the solvent that makes the varnish success- 
This formula is very largely used for the production 
pyroxyiine varnish, which is used for varnishing pens, 
cils, &c., also brass-work and silver-ware. 
The body known as oxy-cellulose* is formed by the 
:tion of nitric acid upon cellulose when boiled with it. 
The quantity formed is about 30 per cent, of cellulose 
acted upon. When washed free from acid, it gelatinises. 
It is then soluble in dilute alkalies, and can be re- 
prccipitated from solution by alcohol, acids, or saline 
solutions. Messrs Cross and Bevan assign to it the 
formula C,gHa,0,n. It dis.solvcs in concentrated sulphuric 
acid, and with nitric acid forms a nitro body of the 
rmula CjgH^O[(3(NOj), which is prepared as follows : 
■The gelatinous oxy-celiulose is washed with strong 
trie acid until free from water, and is then diffused 
through a mixture of equal volumes of strong sulphuric 
and nitric acids, in which it quickly dissolves. The solu- 
tion, after standing for about an hour, is poured in a fine 
stream into a large volume of water, by which the 
" nitro " body is precipitated as a white flocculcnt mass. 
The product, after drying at 110° C, was found upon 

Kalysis to contain 6.48 per cent, nitrogen. 
» " On the Omiaiion of Cellulose," by C. F. Cross and E. J. | 
van,/rtwr. C/iew. So,:, 1883, p. 2z. J 
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Miscellaneous Nitro-Explosives. 
Nitro-Starch-— It is only recently that by means 
of the process introduced by the " Actiengesellschaft 
Dynamit Nobel," that it has been possible to make this 
explosive u|K>n the manufacturing scale. Nitro-starch 
has been known since 1883, when Braconnot discovered 
it. and called it xyloidine. Its formula is CaHgOj(NO;,)j, 
but Dr Otto Miihlhausen has lately succeeded in pre- 
paring higher nitraterl compounds, viz. — 

(a.) C.H«O^NO.)ri. 

(A) C,H,0/NO,),. 
Or doubling the molecule of starch : — 

i. Tetra -nitro-starch C,.H,,O^ONO,), - - u. 11 per cent, 
ii. Penla-nitro-slarch CuH,.0,(ONO,), - - ti.75 „ 
iii. Hcxa-nitro-slarch CuH,.04(0N0J, - - 14,14 „ 
He regards them as true ethers (esters) of nitric acid. 
Thus on treatment with sulphuric acid, these compounds 
yield NO3H, the residue O.NOj thus appearing to be 
replaced by the sulphuric acid residue. On treatment 
with a solution of ferrous chloride, nitric oxide and 
"soluble" starch arc regenerated. On shaking with 
sulphuric acid over mercury, all the nitrogen is split off 
as NO. 

Tetra-nitro-starch is prepared upon the large scale 
as folloxvs : — A quantity of potato-starch is taken and 
exposed in some suitable desiccating apparatus at a 
tcmiKiraturc of 100° C. until all the moisture which it 
contains is completely driven off. It is then reduced to 
a fine powder by grinding, and dissolved in nitric acid of 
SfJccific gravity 1.501. The vessel in which this solution 
is ftccomplishtd is made of lead, and must be provided 
wflh two jackets, cooled by means of water. It should 
further be fitted with a screw-agitator, in order to keep 
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the nitric acid circulating freely. The charge of starch 
is introduced through an opening in the cover of this 
digesting vessel, and the proportions of acid to starch 
are lo kilc^rammes of starch to TOO kilos, of acid. The 
temperature is kept within the limits 20° to 25° C, When 
the solution of the starch is complete, the liquid is 
conducted into a precipitating apparatus, which is also 
provided with a cooling jacket, for the purpose of re- 
gulating the temperature. The bottom of this vessel is 
double and perforated, and here is placed a layer of gun- 
cotton to act as a filter. This vessel is filled with spent 
nitro-sulphuric acid obtained as a waste product from the 
nitro-glycerine manufactory, and the solution of starch 
in nitric acid is sprayed into it through an injector 
worked by compressed air, whereby the nitro-starch is 
thrown down in the form of a fine-grained powdery 
precipitate. 

In order to precipitate 100 kilos, of the acid solution of 
starch, it is necessary to employ 500 kilos, of spent nitro- 
sulphuric acid. As it is precipitated the nitro-starch 
collects on the gun-cotton fiitcr, and the acid liquor is 
run off through a tap placed beneath the perforated 
double bottom of the vessel, and of course below the 
filter pad. The precipitated starch is further cleansed 
from acid by repeated wa,shings and by pressure, until 
all trace of acidity has been eliminated, and the substance 
exhibits a neutral reaction. The next step is to treat 
the nitro-starch with a 5 per cent, solution of soda, in 
contact with which it is allowed to stand for at least 
twenty-four hours. The product is then ground up until 
a sort of " milk " or emulsion is obtained, and lastly 
treated with a solution of aniline, so that when pressed 
into cake, it contains about 33 per cent of water, and 
I per cent, of aniline, 
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Dr Muhlhau sen, working on these lines in the laboratory, 
prepared nJtro-starch which contained 10.96 and 11.09 
per cent of nitrogen. When in the state of powder it is 
snow-white in colour; it becomes electrified when rubbed ; 
it is very stable, and soluble even in the cold in nitro- 
glycerine. He has also prepared a tetra-nitro-starch con- 
taining 10.58 and 10.50 per cent, of nitrogen, by pouring 
water into a solution of starch in nitric acid which had 
stood for several days. The substance thus produced in 
the laboratory had all the properties of that prepared by 
the other process. 

The production of penta-nitro-starch is effected by 
adding 20 grms. of rice-starch — previously dried at a 
temperature of lOO' C, in order to eliminate all moisture — 
to a mixture of 100 grms. of nitric acid, specific gravity 
1. 501, and 300 grms. of sulphuric acid, specific gravity 1.8 
(some tetra-nitro-starch is also formed at the .same time). 
After standing in contact with these mixed acids for one 
hour the starch has undergone a change, and the mass 
may now be discharged into a large quantity of water, 
and then washed, first with water, and finally with an 
aqueous solution of soda. The yield in Dr Miihlhauscn's 
ex|jeriments was 147.5 pc cent. 

The substance thus formed is now heated with ether- 
alcohol, the ether is distilled off", and the penta-nitro-starch 
appears as a precipitate, whilst the tetra-nitro-starch, 
which is formed simultaneously, remains in solution in 
the alcohol. As obtained by this process, it contained 
12.76 and 12.98 per cent, nitrogen, whilst the soluble 
tetra-nitro-starch contained 10.45 per cent. 

Hexa-nitro-starch is the product chiefly formed when 
40 grms. of dry starch are treated with 400 grms. of 
nitric acid, specific gravity 1.501, and allowed to stand in 
contact for twenty-four hours ; 200 grms, of this mixture 
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are then poured into 600 c.c. of sulphuric acid of 66° B. 
The result of this manipulation is a white precipitate, 
which contains 13.52-13.23 and 13.22 per cent, nitrc^en ; 
and consists, therefore, of .1 mixture of penta- and hexa- 
nitro-.starch. 

The experiments undertaken with these substances 
demonstrated that those prepared by precipitating the 
nitro-starch with strong sulphuric acid were less stable 
in character or pro5>erties than those which were 
precipitated by water or weak sulphuric acid, Dr 
Muhlhausen is of opinion that possibly in the former 
case a sulpho-group may be formed, which in small 
quantity may rKicasion this instability. 

The following table shows the behaviour of these 
substances prepared in different ways and under various 
conditions: — 
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cohol - 


Sol. 


Sol. 


Insol. 


Insol. 


Insol. 


Elhcr . 


Insol. 


Insol. 


Insol. 


Inaol. 


Insol. 


Elhcr-alcohol - 


Sol, 


jinl. 


Sol. 


Sol, 


Sol, 


Acelic Klher - 


Sol. 


Soi. 


Sol. 


Sol. 


.Sol. 



These samples were prepared as follows :— 
A. From i part nitric acid and 2 parts sulphuric acid 
(containing 70 per cent, HjO). 

»B. From I part nitric acid and water. 
C. From I part nitric and 3 parts H^SO, (con,). 
D. From I part nitric and 3.5 parts con, H^SOj. 
E, From 1 part nitric and 3 parts con. H^SO^. 
Dr Muhlhausen is of opinion that these comjKiunds 
may be turned to practical account in the production of 
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good smokeless powder. He recommends the following 
proportions and method. Six grms. of nitro-jute and 
2 grms. of nitro-starch are mixed tt^ether, and moistened 
with acetic ether. These ingredients are then worked 
together into a uniform mass, and dried at a temperature 
ranging between the limits 50" to 60° C. He has himsL'lf 
prepared such a smokeless powder, which proved to 
contain 1 1.54 per cent of nitrogen, and was very stable. 
P'urthor details of Dr Mulhausen's work upon nitro-.starch 
can be found in Dingier's Polytechnisches Journal, paper 
" Die hohren Sal|jetersaureather dcr Starke." 1892, Band 
284, s. 137-143, and a Bibliography up to 1892 in Arms 
and Explosives, December 1893. 

M. Berthelot gives the heat of formation of nitro- 
starch as 812 cals, for 1 grm., and the heat of total com- 
bustion as equal 10706.5 cals. for 207 grms., or for i grm. 
3,413 cals. The hc.at of decomposition could only be 
calculated if the products of decomposition were given, 
but they have not as yet been .studied, and the quantity 
of oxygen contained in the compound is far from being 
sufficient for its complete combustion. Bertlielot and 
Vicille found the average velocities for nitro -.starch 
powder, density of charge about 1.2, in a tin tube 4 mm. 
external diameter, to be, in two experiments, 5,232 m. 
and 5,674 m. In a tin tube 5.5 mm, external diameter, 
the velocity was 5,816 m., and in a lead tube S.006 m. 
(density i.i to 1.2). The starch powder is hygroscopic and 
is insoluble in water and alcohol. When dry it is very 
explosive, and takes fire at about 350° F. Mr Alfred 
Nobel has taken out a patent (Eng. I'at., No. 6,560, 88) 
for the use of nitro-starch. His invention relates to the 
treatment of nitro-starch and nitro-dextrine, for the 
purpose of producing an explosive powder, to be used in 
place of gunpowder. He incorporates these materials 
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with nitro-ccMulose, and dissolves the whole in acutone, 
which is afterwards distilied off. A perfect incorporation 
of the ingredients is thus brought about. 

Nitro-Jute — It is obtained by treating jute with 
nitric acid. Its properties have been studied by Messrs 
Cross and Bevan {Jour. Chtni. Soc, 18S9, 199), and by 
Miihlhausen, The latter used for its nitration an acid 
niixtuit: composed of equal parts of nitric and sulphuric 
acids, which was allowed to act upon the jute for some 
lime. He found that with long exposure, (.^.. from three 
to four hours in the acids, there was a disintegrating of 
the fibre -bundles, and the nitration was attended by 
secondary decomposition and conversion into products 
soluble in the acid mixture. Cross and Bevan's work 
upon this substance leads them to conclude that the 
highest yield of nitrate is represented by an increase of 
weight of 5i per cent. They give jute the empirical 
formula Ci^Hi^On {€ = 47 [*er cent, H=6 ]>er cent., and 
= 47 [xir cent), and believe its conversion into a nitro 
compound to take place thus : — 

CuH,sO + 3HNO, = C„Hipo(NO,),-|-3H,0, 
This is equivalent to a gain in weight of 44 per cent for 
the tri-nitrate, and of 58 per cent for the tetra-nitrate. 
The formation of the tetra-nitrate appears to be the 
limit of nitration of jute-fibre. In other words, if we 
represent the ligno-cellulose molecule by a C|j formula, 
it will contain four hydroxyl (OH) groups, or two less 
than cellulose similarly represented. The following are 
their nitration results: — 

Acids used.— I. HNOi sp, gr. 1.43, and H;SO,= 1.84 equal parts. 

11. I vol. (HNO^i.s), I vol. HjSO,{i.84). 

111. I vol. HN0j(t.5), 75 vols. H^SO,{i.84). 

I. = I44'4; ll-='53'3; ni.= iS4-4i{'Tns., 100 grms. onibrc btinn 

used in all three cases. 

Uurulion of exposure, thirty ir 




The nitrogen w.is determined in the prcxliicts, and 
equalled 10.5 percent Tlieory for CuH,50„(NOj)3 = 9.S 
per cent,, and for CuH,bOo(NOs),= 1 1.5 per cent. These 
nitrates resemble those of cellulose, and are in all essen- 
tial points nitrates uf ligno-cellulose. 

Miihlhausen obtained a much lower yield, and pro- 
bably, as pointed out by Cross and Bevan, a secondary 
decomposition took place, and his products, therefore, 
probably approximate to the derivatives of cellulose 
rather than to those of ligno-cellulose, the more oxidis- 
able, non-cellulose, or lignone constituents having been 
decomposed. In fact, he regards his product as cellulose 
penta-nitrate(C,aHisO,(ONOA)- The Ckemiker Zeitung. 
xxi., p. 163, contains a further paper by Mdhlhausen 
on the explosive nitro-jute. After purifying the jute- 
fibre by boiling it with a i per cent, solution of sodium 
carbonate, and washing with water, he treated i part of 
the purified jute with 15 parts of nitro-sulphuric acid, and 
obtained the following results with different proiwrtions 
of nitric to sulphuric acids : — 

™n.l" '^ti"" Ni'"8.''. 
Experiment [.— i. HNO, I. HjSO, 129.5 170' C. 11.96% 
„ 11. „ a. „ 132.2 167° C. 12.15 % 

111. „ 3. „ 135.8 169° C. 11.91 % 

An experiment made with fine carded jute and the 
same mixture of acids as in No. II. gave 1454 per cent, 
nitro-jute, which ignited at 162" C, and contained 12 per 
cent, nitrogen. This explosive is not at present manu- 
factured upon the large scale, and Messrs Cross and 
Bevan are of opinion that there is no very obvious 
advantage in the use of lignified textile fibre as raw 
materials for explosive nitrates, seeing that a large num- 
ber of raw materials containing cellulose (chiefly as 
cotton) can be obtained at a cheaper rate, and yield also 
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150 to 170 per cent, of explosive material when nitrated, 
and are in many ways superior to the pruducts obtained 
hitherto from jute. 

Nitro-mannite is formed by the action of nitric acid 
on mannitc, a hex-acid alcohol closely related to sugar. 
It occurs abundantly in manna, which is the partly dried 
sap of the manna-ash (^Fraxinits oritus). It is formed in 
the lactic acid fermentation of sugar, and by the action 
of nascent hydrogen on glucose and cellulose, or on 
invert sugar. Its formula is C|,Hg(OH)oand that of nitro- 
mannite CoHg(NOj,)o- Mannite crystallises in needles or 
rhombic prisms, which are soluble in water and alcohol, 
and have a sweet taste. Nitro-mannite forms white 
needle*shaped crystals, insoluble in water, but soluble in 
ether or alcohol. When rapidly heated, they ignite at 
about 374^ K., and explode at about 590° F. It is more 
susceptible to friction and percussion than nitro-glycerine, 
and unless pure it is liable to spontaneous decomposi- 
tion. It is considered as the nitric ether of the hexatomic 
alcohol mannite. It is formed by the action of a mixture 
of nitric and sulphuric acids upon mannite — 

CaHB(OH}a-l-6HNOB = CaHg(NO,)u+6H,0. 
Its products of explosion areas shown in the following 
equation : — 

CaHs(OH)o=.6COj+4H,0 + 3N„-|-Os. 
Its percentage composition is as follows: — Carbon, 15.9 
per cent.; hydrogen, 1.8 per cent,; nitrogen, 18.6 per 
cent ; and oxygen, 63.7 per cent. Its melting point is 
1 12 to 1 13° C, and it solidifies at 93". When carefully 
prepared and purified by recrystallisation from alcohol, 
and kept protected from sunlight, it can be kept for 
several years without alteration. 




I 



NITKO-EXI'LOSIVES. 



Nitro-maiinite is more dangerous than nitro-glycerii 

it is more sensitive to shock. It is intermediate 

r in its shattering properties between nitro-glycerine and ' 

fulminate of mercury. It explodes by the shock of 

copper on iron or copper, and even of porcelain on ixwce- 

lain, provided the latter shock be violent. Its heat of 

formation from its elements is + 1 56.1 calories. It is not , 

■ manufactured upon the commercial scale. 

Besides the nitro compounds already de.scribed, there . 
[ are many others, but they are of little importance, and | 
I are none of them made upon the large scale. Among 
J such substances are nitro-coal, which is made by the 
^ action of nitric acid on coal ; nitro-colU, a product which • 

iults from the action of nitric acid on isinglass or gela- 
[• tine, soaked in water. It is then treated with the usual 
I acids. 

Another method is to place strong glue in cold water 
' until it has absorbed the maximum amount of the latter. 
The mixture is solidified by the addition of nitric acid, 
nitrated in the usual way, and well washed. Abel's Gly- 
oxiline is only nitrated gun-cotton impn^nated with nitro- 

I glycerine. Nitro-lignine is only nitro-ccllulose made from 
wood instead of cotton ; and nitro-straw is also only 
nitro-cellulose. The explosive known as KeiV s Explosive , 
contains nitro-glucose. Nitro-molasses, which is a liquid 
product, has also been pro|x>sed, and nitro-saccharose, 
the product obtained by the nitration of sugar. It is a 
white, sandy, explosive substance, soluble in alcohol and 
ether. When made from cane sugar, it does not crystal- ' 
lisc ; but if made from milk sugar, it does. It has been 
used in percussion caps, being .'itrongcr and quicker than ■ 
nitro-glycerine. It is, however, very sensitive and very 
hygroscopic, and very prone to decomposition. Nitro- 
4ar, made from crude tar-oil, by nitration with nitric acid 
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of a specific gravity uf 1.53 to 1.54. Nitro-toluo! is used, 
mixed with nitro-glycerine. This list, however, docs not 
exhaust the various substances that have been nitrated 
and proposed as explasives. Even such unlikely sub- 
stances as horse dung have been experimented with, 
None of them are very much used, and very few of them 
are made upon the manufacturing scale. 
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NITRO BENZOL, ROBURITE, BELLITE, 
PICRIC ACID, Crc. 



[ilosivcs deiived from Benieoe— Toluene and Nilro-Beiuene— Di. and 
Tri-mlro-KenEcnc—Roburile : rroperties and Maouraclure — Bellile: 
riuperties, Se. — Securite — Tirniie No, 3 — Nilro-Tolucne — Nitro- 
Naphthalene — Ammonile — Sprengel's Explosives — Picric Acid — 
Picrales — Picric Piiwdeta — Melinile — Aliera Miilure — Brugire's 
Powders — The Fulmlnntes — Coroposilion, Foimula, Piejnnilion, 
Dnnger of, &c — Detonators: Sizes, Composition, Manu&cture — 
Fuses, &c 



The Explosives derived from Benzene. — There is 

\ a large class of explosives made from the nitrated hydro- 
Lcarboiis — benzene, C(,Hg ; toluene, CjHg ; naphthalene, 
I ^10^8 ' •'"^ '''^° from phenol (or carbolic acid), C^HjOH. 
1 The benzene hydrocarbons are generally colourless liquids, 
I insoluble in water, but soluble in alcohol and ether. They 
I generally distil without decomposition. They bu[n with 
[■ a smoky flame, and have an ethereal odour. They are 
I easily nitrated and .sulphurated ; mono, di, and tri deriva- 
Itives are readily prepared, according to the strength of 
iihe acids used. It is only the H-atoms of the benzene 
f nucleus which enter into reaction. 

Benzene was discovered by Faraday in 1825, and 
elected in coal-tar by Hofmann in 1845. It can be 
1 from that portion of coal-tar which boils at 
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80' to 85" by fractionating or freezing." The ordinary 
benzene of commerce contains thiophene (C^H^S), from 
which it may be freed by shaking with sulphuric acid. 
Its boiling point is 79° C. ; specific gravity at 0° equals 
0.9. It burns with a luminous smoky flame, and is a good 
solvent for fats, reains, sulphur, phosphorus, &c. Toluene 
was discovered in 1S37, and is prepared from coal-tar. It 
boils at no' C, and is still liquid at 28" C. 

The mono-, chloro-, bromo-, and iodo-benzenes are 
colourless liquids of peculiar odour. Di-chloro-, di-bromo- 
bcnzenes, tri- and hexa-chloro- and bromo -benzenes, are 
also known ; and mono-chloro-, CyH,Cl(CH3),and bromo- 
toluenes, together with di derivatives in the ortho, meta, 
and para modifications. The nitro-ben^enes and toluenes 
are used as explosives. The following summary is taken 
from Dr A. Bernthsen's " Organic Chemistry " : — 



C,H,(NOj) C,H4(NOaX, C^HrfNO,), 

Nilni-UnKm. Onbcn, mela-, Mad uara- S.-Tn-n!lrn.benicBe. 

Uq. B.Pl. »A'C. Ji-nitm-lKiiiEnei. SulM. Solid. H.P. iii' C. 

M.P. iiB', «o', and itj'C. 



C,H,{CH,)NOj 

Onho-, meta-, Ami piini- 

oiirtflolaeML 

IJ.P.I.r.,3<.-.andau-C 

Para tnmpound hjlid. 

C.H,(CH,XNOJ, 



The nitro compounds arc mostly pale yellow liquids, 
which distil unchanged, and volatilise with water vapour, 

ititling a inixiurc of 
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: colourlc! 



r pale yelloi 



needles 



Some o( 



r prisms. 
1, however, are of an intense yellow colour. Many 
f of tliem explode upon being healed. They are heavier 
I than water, and insoluble in it, but mostly soluble in 
I alcohol, ether, and glacial acetic acid. 

Nitro- benzene, CnH,,(NOj), was discovered in 1834 1^ 
I Mitscherlich. It is a yellow liquid, with a melting point 
' of +3° C. It has an intense odour of bitter almonds. It 

K)li<lilies in the cold. In di-nitro-bcnzene, the two nitro 
, groups may be in the meta, ortho, or para jrasition, the 

meta position being the most general (see fig., page 4). 

By recrystal Using from alcohol, pure meta-di-nitro- 

benzene may be obtained in long colourless needles. 

The ortho compound crystallises in tables, and the 

para in needles. They arc both colourless. When 
I toluene is nitrated, the para and ortho are chiefly formed, 

and a very Utile uf the meta com]»und. 

Nitro Compounds of Benzene and Toluene. — The 
I preparation uf the nitro derivatives uf the hydrocarbons 
L of the ben/.cnc series is very simple. It is only necessary 
to bring the hydrocarbon into contact with strong nitric 
acid, when the reaction takes place, and one or more of 
the hydrogen atoms of the hydrocarbon are replaced by 
the nitryl group (NOj). Thus by the action of nitric acid I 
. on benzene (or benzol), mono-nitro-benzcne is formed : — 
C„IIo + HN03 = C„H5.NO, + H,0. 

M<»K>-i.>l>.>-bcnm>c. 

\ By the action of another molecule of nitric acid, the 
( di-nitro-benzene is formed : — 

CaHB.NOj+HN03 = CoH,(NO,)^+H„0. 

I These nitro bodies are not acids, nor are they ethereal 
lalts of nitrous acid, as iiitro-glycerine is of glycerini 
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• arc refjardcd as formed from nitric acid by the 
Placement of hydroxyl by benzene radicals. 



lace 

Mono-nitro- Benzene is made by treating benzene 
with concentrated nitric acid, or a mixture of nitric and 
sulphuric acids. The latter, as in the case of the nitration 
of glycerine, takes no part in the reaction, but only 
prevents the dilution of the nitric acid by the water 
formed in the reaction. Small quantities may be made 
thus:— Xakc 150 c.c. of H^SO, and 75 c.c. IINOj, or 1 
part nitric to 2 parts sulphuric acid, and put in a beaker 
standing in cold water; then add 15 to 20 c.c. of ben- 
zene, drop by drop, waiting bet\veen each addition for 
the completion of the reaction, and shake well during the 
o|>eration. When finished, pour contents of beaker into 
about a litre of cold water ; the nitro-benzol will sink to 
the bottom. Decant the water, and wash the nitro- 
benzol two or three times in a separating funnel with 
water. Finally, dry the product by adding a little 
granulated calcium chloride, and allowing to stand for 
some little time, it may then be distilled. Nitro-bcnxcne 
is a heavy oily liquid which boils at 205° C, has a specific 
{gravity of 1.2, and an odour like that of oil of bitter 
almonds. In the arts it Is chiefly used in the prepara- 
tion of aniline. 



PDi-nitro- Benzene is a product of the further action 
nitric acid on benzene or nitro- benzene. It crystallises 
in long fine needles or thin rhombic plates, and melts at 
89.9° C. It can be made thus :— The acid mixture used 
consists of equal parts of nitric and sulphuric acids, say 
SO c.c. of each, and without cooling add very slowly 
10 C.C. of benzene from a pi|x;ttc. After the action is 
over, boil the mixture for a short time, then pour into 
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[ about half a litre of water, filter off the crystals thus 
I produced, press between layers of filter paper, and 
[ crystallise from alcohol, Di-nitro-benncne, or meta-di- 
f riitro- benzene, as it is sometimes called, enters into the 
[ composition of several explosives, such as tonite No, 3, 
I roburitc, sccurite, bctlite. 

Nitro-benzcnc is manufactured upon the large scale 
as follows: — Along a bench a row of glass flasks, con- 
taining I gallon each (1 to 2 lbs. benzene), are placed, 
, and the acids added in small portions at a time, the 
I workman commencing with the first, and adding a small 
I quantity to each in turn, luitil the nitration was com- 
I pictc. This process was a dangerous one, and is now 
obsolete. The first nitro- benzene made commercially 
in England, by Messrs Simpson, Maulc, & Nicholson, of 
Kennington, in 1S56, was by this process. Now, how- 
ever, vertical iron cylinders, made nf cast-iron, are used 
for the nitrating operation. They arc about 4 feel in 
diameter and 4 feet deep, and a scries are generally 
inged in a row, at a convenient height from the 
' ground, beneath a line of shafting. Each cylinder is 
covered with a cast-iron lid having a raised rim all 
round. A central orifice gives passage to a vertical shaft, 
and two or more other conveniently arranged openings 
allow the benzene and the mixed acids to flow in. Each 
of these openings is surrounded with a deep rim, so that 
[. Wic whole top of the cylinder can be flooded with water 
, some inches in depth, without any of it running into the 
interior of the nitrator. The lid overhangs the cylinder 
I somewhat, and in the outer rim a number of shot-holes 
tor tubes allow the water to flow down all over the outside 
»f the cylinder into a shallow cast-iron dish, in which it 
tand.s. , By means of a good supply nf cold water, the 
t sid es, and bottom of the whole apparatus is thus 
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cooled and continually flooded. The agitator consists of 
cast-iron arms keyed to a vertical shaft, with fixed arms 
or da.sh-|)iates secured to the sides of the cylinder. The 
shaft has a mitre wheel keyed on the top, which works 
into a corresponding wheel on the horizontal shafting 
running along the top of the converters. This latter is 
secured to a clutch ; and there is a feather on the shaft, 
so that any one of the converters can if necessary be put 
cither in or out of gear. This arrangement is necessary, 
as riggers or belts of leather, cotton, or indiarubber will 
not stand the atmosphere of the nitro-benzole house. 
.'\bove .ind clo.se to each nitrator stands its acid store 
tank, of iron or stoneware. 

The building in which the nitration is carried out 
should consist of one story, have a light roof, walLs of 
hard brick, and a concrete floor of 9 to 12 inches thick, 
and covered with pitch, to protect its surface from the 
action of the acids. The floor should be inclined to a 
drain, to save any nitro-benzo! spilt Fire hydrants should 
be placed at convenient places, and it should be possible 
to at once fill the building with steam. A 2-inch pipe, 
with a cock outside the building, is advisable. The 
building should also be as far as possible isolated. 

The acids arc mixed beforehand, and allowed to cool 
before use. The nitric acid used has a specific gravity of 
I.3S8, and should be as free as possible from the lower 
oxides of nitrogen. The sulphuric acid has a specific 
gravity of 1.84^, and contains from 95 to 96 per cent, of 
mono-hydrate. A good mixture is — 100 parts of nitric 
to 140 parts of sulphuric acid, and 78 parts of benzene ; 
or 128 parts HNO3, 179 of HjSO^, and 100 of benzene 
(CnHJ. The benzene having been introduced into the 
cylinder, the water is turned on and the apparatus cooled, 
the agitators are .set running, and the acid cock turned 
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:■> as to allow it to How in a very thin stream into the 
kltrator. 

Should it be necessary to check the machinery even 
I moment, the stream or acid must be stopped and 
ftie agitation continued for some time, as the action 
jcccds with such vigour that if the benzene being 
I nitrated comes to rest and acid continues to flow, local 
heating occurs, and the mixture .nayinflame. Accidents 
from this cause have been not infrequent. The operation 
requires between eight to ten hours, agitation and cooling 
being kept up all the time. When ail the acid is added 
the water is shut olT, and the temperature allowed to rise 
a little, to about icx}° C. When it ceases to rise the 
agitators are thrown out of gear, and the mixture allowed 
some hours to cr>ol and settle. The acid is then drawn 
off, and the nitro-benzene is well washed with water, and 
sometimes distilled with wet steam, to recover a little 
unconverted benzene and a trace of paraflin (about .5 per 
cent, together). At many Knglish works, lOO to 200 gal- 
lon.s, or 800 to i,76olbs.,arenitratcdat a time, and toluene 
is often u.sed instead of benzene, especially if the nitro- 
benzene i.s for use as essence of myrbane. The waste 
acids, specific gravity 1,6 to 1.7, contain a little nitro- 
benzene in solution and some oxalic acid. They arc 
concentrated in cast-iron jwts and used over again. 

Di-nitro- Benzene is obtained by treating a chaise of 
the hydrocarbon benzene with double the quantity of 
mixed acids in two operations, or rather in two stages, 
the second lot of acid being run in directly after the 
first. The cooling water is then shut off, and the tem- 
[jcrature allowed to rise rapidly, or nitro-beUzene already 
manufactured is taken and again nitrated with acids. A 
large quantity of acid fumes come off, and some of the 
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nitru- and di-nitro- benzole produced comes off at the hifjii 
tcmix^rature which is attained, and a good condensing 
apparatus of stoneware must be used to prevent loss. 
The product is separated from the acids, washed with 
cold water and then with hot. It is slightly soluble in 
water, so that the washing waters must be kept and used 
over again. Finally it is allowed to settle, and run while 
stil! warm into iron trays, in which it solidifies in masses 
2 or 4 inches thick. I^ should not contain any nitro- 
bcnzol, nor soil a pitJce of pa]«r when laid on it, 
should be well crystal liscti, fairly hard, and almost odour- 
less. The chief prtKluct is meta-di nitro- benzene, melting 
point 89.8, but ortho-di-nitro-benzenc, melting point 1 1 8°, 
and para-di -nitro, melting point 172°, are also produced. 
The melting pt>int of the commercial product is between 
85' to 87° C. 

Di-nitro-toluenc is made in a similar manner. The 
tri-nitro benzene can only be made by using a very large 
excess of the mixed acids. Nitro-benzene, when re- 
duced with iron, zinc, or tin, and hydrochloric acids, forms 



Roburite. — This explosive is the invention of a 
German chemist, Dr Carl Roth (English patent 267A, 
18S7), and is now manufactured in England, at Gathurst, 
near VVigan. It consists of two component parts, non- 
explosive in themselves (Sprengel's principle), but which, 
when mixed, form a powerful explosive. The two sub- 
stances are ammonium nitrate and chlorinated di-nitro- 
bcnzol. Nitro-naphthalene is also used. Nitrate of soda 
and sulphate of ammonium are allowed to be mixed with it. 
The advantages claimed for the introduction of chlorine 
into the nitro compound arc that chlorine exerts a 
loosening effect upon the NOj groups, and enables the 
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compound to burn more rapidly than when the iiitrn 
groups alone are present. 

The formula of chloro-di-nitro-bcnzole is ChIIjCI 
(NO,)y The theoretical percentage of nitrt^eii. there- 
fore, is 13.82, and of chlorine 17.53. Dr Roth states 
that from experiments he has made the dynamic effect 
is considerably increased by the introduction of chlorine 
into the nitro compound. Robiirite burns quickly, and 
is not sensitive to shock ; it must be used dry ; it cannot 
be made to explode by concussion, pressure, friction, fire, 
or lightning ; it docs not freeze ; it does not give dff dele- 
terious fumes, and it is to all intents and purposes flame- 
less ; and when properly tamped and fired by electricity, 
can be safely used in fiery mines, neither fine dust nor 
gases being ignited by it The action is rending and not 
pulverising. Compared to gunpowder, it is more powerful 
in a ratio ranging from 2I to 4 to i, according to the 
substance acted upon. It is largely used in blasting, pit 
sinking, quarrying, &c., but especially in coal mining. 
According to Dr Roth, the following is the equation of 
its decomposition — 
C„H,Ci (NO,)^ + 9N H^NOj = 6COj + igHjO + 20N + HCl. 

In appearance roburite is a brownish yellow powder, 
with the characteristic smell of nitro-benzol. Its specific 
gravity is 1.40, The Company's statement that the 
fumes of roburite were harmless having been questioned 
by the miners of the Garswood Coal and Iron Works 
Colliery, a scientific committee was appointed by tl- 
management and the men jointly for the purpose of 
settling the question. The members of this committee 
were Dr N. Hannah, Dr D. J. Mouncey, and Professor 
U. B. Dixon, F.R.S., of Owens College. After a pro- 
tracted investigation, a long and technical report was 
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lied, comijlctdy vindicating the innocuoiisness of 
roburite when pro|3erly used. In the words of The 
Iron and Coal Trades' Review (May 24, 1889), "The 
verdict, though not on every point in favour of the use 
in all circumstances of roburite in coal mines, is yet of 
so pronounced a character in its favour as an explosive 
that it is impossible to resist the conclusion that the 
claims put forward on its behalf rest on solid grounds." 

Roburite was also one of the explosives investigated 
by the committee appointed in September 18S9 by the 
Durham Coalowners' and Miners' A.ssociations. for the 
purpose of determining whether the fumes produced by 
certain explosives are injurious to health. Both owners 
and workmen were represented on the committee, which 
elected Mr T. Dell, H.M. Inspector of Mines, as its 
chairman, with Professor i'. I'. Bedson and Drs Drum- 
mond and Hume as professional advisers. The problem 
considered was whether the fumes produced by the com- 
bustion of certain explosives, one of which was roburite, 
were injurious to health. The trial comprised the 
chemical analysis of the air at the " intake," and of the 
vitiated air during the firing of the shots at the " return," 
and also of the smoky air in the vicinity of the shot-holes. 
Five pounds and a half of roburite were used in twenty- 
thrceshots. It had been asserted that the fumes from this 
explosive contained carbon-monoxide, CO, but no trace 
of this gas could be discovered after the explosion. On 
another occasion, however, when 4.7 lbs. of roburite were 
exploded in twenty-three shots, the air at the " return " 
showed traces of CO gas to the extent of .042 to .019 ]»er 
cent. The medical report which Drs Hume and Drummond 
presented to the committee shows that they investigated 
every ca.se of .sus[>ectcd illness produced by e.vposure to 
fumes, and they could find no evidence of acute illness 
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being caused. They say, " No case of acute illnes.s has, 
ihrouf^hnut the inquiry, been brought to our knowledge, 
and we are led to the conclusion that such cases have not 
occurred," 

Manufacture. — As now made, roburitc is a mixture 
of ammonium nitrate and chlorinated di-nitro-bcnxol. 
The nitrate of ammonia is first dried and grouml, ami 
then heated in a closed steam -jacketed vessel to a tem- 
perature of 80° C, and the melted organic comixiund is 
added, and the whole stirred until an intimate mixture is 
obtained. On cooling, the yellow powder is ready for 
use, and is stored in straight canisters or made up into 
cartridges. Owing to the deliquescent nature of the 
nitrate of ammonia, the finished explosive must be kept 
out of contact with the air. and for this reason the car- 
tridges are waterproofed V/ dipping them in melted wax. 
Roburite is made in Germany, at Witten, Westphalia ; 
and also at the English Company's extensive works at 
Gathurst, near Wigan, which have been at work now for 
some seven years, hiiving started in 1S8S. These works 
are of considerable extent, covering 30 acres of ground, 
and are equal to an output of 10 tons a day. A canal 
runs through the centre, separating the chemical from 
the explosive portions of the works, and the Lancashire 
and Yorkshire Railway runs up to the doors. Besides 
sending large quantities of roburite itself abroad, the 
Company also export to the various colonies the two 
components, as manufactured in the chemical works, and 
which separately are quite non -ex plosive, and which, 
having arrived at their destination, can be easily mixed 
in the pro[3er pro[K)rtions. 

Among the special advantages claimed for roburitc 
arc:— First, that it is impossible to explode a cartridge 
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by [x:rcussion, fire, or electric sparks. If a cartridfje or 
layer be struck with a heavy hammer, the jxirtion struck 
is decomposed, owing to the large amount of heal deve- 
lojjed by the blow. The remaining explosive is not in 
the least affected, and no detonation whatever takes place. 
If roburite be mixed with gunpowder, and the gunpowder 
fired, the explosion simply scatters the roburite without 
affecting it in the least. In fact, the only way to explode, 
roburite is to detonate it by means of a cap of fulminate, 
containing at least I gramme of fulminate of mercury. 
Secondly, its great safety for use in coal mines. Roburite 
has the great advantage of exploding by detonation at a 
very low temperature, indeed so low that a very slight 
amount of tamping is only required when fired in the 
most explosive mixture of air and coal gas possible, and 
not at all in a mixture of air and coal dust — a condition 
in which the u.se of gunpowder is highly dangerous. 

MrW. J. Orsman, F.I.C.. in a paper read at the Univer- 
sity College, Nottingham, ir 1893, gives the temjjerature 
of detonation of roburite as below 2,100° C, and of am- 
monium nitrate as 1,130" C, whereas that of blasting 
gelatine is as much as 3,220" C. With regard to the 
composition of the fumes formed by the explosion of 
roburite, Mr Orsman says: "With certain safety explo- 
sives — roburite, for instance — an excess of the o.vidising 
material is added, namely, nitrate of ammonia ; but in 
this case the excess of oxygen here causes a diminution 
of tem])erature, as the nitrate of ammonia on being 
decom]>osed absorbs heat. This excess of oxygen effec- 
tually prevent; the formation of carbon monoxide (CO) 
and the oxides of nitrogen." 

The following table, also from Mr Orsman's paper, 
gives the com]K)sition of five prominent explosives, and 
shows the composition of the gases formed on explosion. 
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The gases were collected after detonating lo grms. of 
each in a closed strong steel cylinder, having an internal 
diameter of 5 inches. 



E.plo««. 


H 




COr 


CO. 


CHjftH. 


N. 




2.214 
1,980 

4,780 

J.IOO 


Pb 

5'3 

32 
'9 


3.S 

7 
8 

IS 


Per 
36 


Ptr 

41.7 

67 
63 

68 




Charcoal ij „ J 

Gelignite— '^ 
Nilro-glyccrine 56,5 pts, 

Nitro-cotton 3.5 „ 

Woodmeal 8.0 „ 


Tonite— ) 


Barium nitrate ) 
Koburite— ■! 

Di-nitro-chloro- 


Carbonile— 

Niiro-glycerinc ...25 pts. 

Wood-meal 40 „ 

Potas. nitrate 34 „ 



With respect to the influence of ammonium nitrate 
in lowering the temperature of explosion of the various 
substances to which it is added, it was found by a 
French Commission that, when dry and finely powdered. 
ammonium nitrate succeeds in depreciating the heat of 
decomposition without reducing the power of the explo- 
sive below a useful limit. The following table shows the 
composition of the explosives examined, and the tcmijera- 
tures which accompanied 'heir explosion : — 



E.pl«i«. 


Original 


NIl.-Na |T™p.ni.ure 


Nitro-glycerine - 

Blasting gelatine (S perl 

cent gun-cotton) - - / 
Uynamile (25 per cent. 1 

silica) - . - -i 

Gun-cotton, t - - - j 
Ammonium nitrate - 


3,200 
3.090 
2,940 
2,650 
2,060 
1.130 


88 1 1,493 
So 1,468 

90.5 i,4So 



Bellite is the patent of Mr Carl Lamm, Managing 
Director of the Rotebro Explosive Company, of Stock- 
holm, and is licensed for manufacture in England. It 
consists of a mixture of nitrate of ammonia with di- or 
tri-nitro-benzol, it has a specific gravity of 1.2 to 1.4 in 
its granulated state, and i litre weighs 800 to S75 grms. 
Heated in an open vessel, bcliitc loses its consistency 
at 90° C, but does not commence to separate before a 
temperature of 200° C. is reached, when it evaporates 
without exploding. If heated suddcnJy, it bnrn.s with a 
sooty flame, somewhat like tar, but if the source of heat 
is removed, it will cease burning, and assume a caramel- 
like structure. It absorbs very little moisture from the 
air after it has been pressed, and if the operation has 
been performed while the explosive is hot, the subse- 
quent increase of weight is only 2 per cent. When 
subjected to the most [wwcrful blow with a steel hammer 
upon an iron plate, it neither explodes nor ignites. A 
rifle bullet fired into it at 50 yards' distance will not 
explixle it. Granulated bellite explodes fully by the 
aid of fulminating mercury. Fifteen grms. of bellite fired 
by means of fulminate, projected a shot from an ordinary 
mortar, weighing 90 lbs,, a distance of 75 yards, 1 5 grms. 
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of giiiipuwdcr, under the same conditions, throwing it 
it only 12 yards. A weight of 7j lbs. falling 145 centi- 
metres failed to explode 1 grm. of beilite. 

Various experiments and trials have been made with 
I this explosive by I'rofessor J'. T. Cteve, M, P. F. Chalon, 

O. N. Hake, and by a committee of officers of the Swedish 
Royal Artillery. It is claimed that it is a very powerful 
and extremely safe explosive ; that it caniiot be made to 
explode by friction, shock, or pressure, nor by clectricitj-, 
fire, lightning, &c., and that it is es|wcially adapted for 
use in coal mines, &c. ; that it can only be exploded by 
means of a fulminate detonator, and is perfectly safe to 
handle and manufacture ; that it does not freeze, can be 
used as a filling for shells, and lastly, can be cheaply 
manufactured. 

Securite consists of 26 parts of nieta-di-nitro- benzol 
and 74 parts of ammonium nitrate, It is a yellow 
powder, with an odour of nitro-bcnzol. It was licensed 
in 188G, It sometimes contains tri-nitro-benzol, and 
tri-nitro-naphthatene. The equation of its combustion 
is given as 

C9H,2NO^-|-io(NH^NOy) = CCOj+22HjO+N, 
I and, like beilite and roburite, it is claimed to be perfectly 

safe to use in the presence of fire damp and coal dust.* 
The variety known as Flameless Securite consists of a 
mixture of nitrate and oxalate of ammonia and dinitro- 
bcnzol. 

Kinetite. — A few years ag-o an explosive called 
" Kirn;tiLe"f was introduced, but is not manufactured 

I * See paper by S. B. Coxon, ATor/A of Eng. Inst. Mining ami 

' .Ifeck. Eng., 11,2,87. 

I t V. Watson Smith, /our. Sac. Chem. Ind., January 1887. 
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in England. [t was the patent of Messrs Petry and 
Falicnstein, and consisted of nitro-benzol, thickened or 
gelatinised by the addition of some collodion -cotton, 
incorporated with finely ground chlorate of potash and 
precipitated sulphide of antimony. An nnalysis gave the 
following percentages; — 

Niiro-bcnwl, 19.4 per cent. 

Chlorate of potash, 76.9 per cent. 

Sulphide of antimony nilro-cotton, 3.7 per cent. 

It requires a very high temperature to ignite it, and 
cannot, under ordinary circumstances, when unconfined, 
be exploded by the application of heat. It is little 
affected by immersion in water, unless prolonged, when 
the chlorate dissolves out, leaving a practically inex- 
plosive residue.* It was found to be very sensitive to 
combined friction and percussion, and to be readily 
ignited by a glancing blow of wood u|x>n wood, It was 
also deficient in chemical stability, and has been known 
to ignite spontaneously both in the laboratory and in a 
magazine. It is an orange-coloured plastic mass, and 
smells of nitro-benzol. 

Tonite No. 3 contains 10 to 14 per cent, of nitro- 
bcnzol (sec Tonite). Trench's Flameles.s Explosive con- 
tains 10 [jer cent, of di-nitrf>-ben7.ol, together with 85 per 
cent of nitrate of ammonia, and 5 |>cr cent, of a mixture 
of alum, and the chlorides of sodium and ammonia. 

Tri-nitro- Toluene. — Toluene, C-Hg, now chiefly 
obtained from coal-tar, was formerly obtained by the 

* Col. Cundill, R.A,, "Did. of Explosives," says; "If, however, 
il l}e exposed to moisi .ind <try air altemalely, the chlorate crystal- 
lises om an Ilie Nurfnce, and renders the explosive very sensitive." 
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drj' distillation of tolu-balsam. It may be regarded as 
methyl-benzene, or benzene in which one hydrogen is 
replaced by methy! (CHj). thus (CoHjCHj), or as phenyl- 
methane, or methane in which one hydrogen atom is 
replaced by the radical phenyl (C„H,), thus (CHjCflM^). 
Toluene is a colourless liquid, boiling at iio°C., has a 
sjjccilic gravity of .8824 at 0° C, and an aromatic odour. 
Tri-iiitro-toluene is formed by the action of nitric 
acid on toluene. According to Haussermann, it is more 
advantageous to start with the ortho-para-di-nitro-toluenc, 
which is prepared by allowing a mixture of 75 parts of 
91 to 92 jjcr cent, nitric acid and 150 fiarts of 95 to 96 
per cent, sulphuric acid to run in a thin stream into 
100 parts of para-nitro-toluene, while the latter is kept 
at a temperature between 60° to 65° C, and continually 
stirred. When the acid has all been run in, this mixture 
is healed for half an hour to 80° C, and allowed to stand 
till cold. The excess of nitric acid is then removed. 
The residue after this treatment is a homogeneous 
cry.stalline mass of ortho-para-di-nitro-tolucne, of which 
the solidifying point is 69.5° C. To convert this mass 
into tri-nitro derivative, it is dissolved by gently heating 
it with four times its weight of sulphuric acid (95 to 96 
per cent.), and it is then mixed with i j times its weight 
of nitric acid (90 to 92 per cent), the mixture being kept 
cool. Afterwards it is digested at 90° to 95° C, with 
occasional stirring, until the evolution of gas ceases. This 
takes place in about four or five hours. 

The ojjeration is now stopped, the product allowed to 
cool, and the excess of nitric acid separated from it. 
The residue is then washed with hot water and very 
dilute soda solution, and allowed to solidify without puri- 
fication. The -solidifying point is 70° C, and the mass 
i then white, with a radiating crystalline structure, 




Briyht sparkling crystals, rr iting at 81.5° C. may, how- 
ever, be obtained by recrystailisation from hot alcohol. 
The yield is from 1CX5 parts di-nitro-toiuene, 150 jxirts of 
the tri-nitro derivative, Haussermann states also that 
I : 2 :4 :6 tri-nitro-toluene can be obtained from ordinary 
commercial di-nitrn-toluene melting at 60' to 64° C. ; 
bill when this is used, greater prccautionH must be 
exercised, fur the reactions are more violent. Moreover, 
10 |>er cent more nitric acid is required, and the yield is 
10 per cent. less. He also draws attention to the slight 
solubility of tri-nitro-toluene in hot water, and to the 
fact that it is decomposed by dilute alkalies and alkaline 
carbonates — facts which must be borne in mind in wash- 
ing the substance. This material is neither difficult nor 
dangerous to make. It behaves as a very stable sub- 
stance when exposed to the air under varying conditions 
of tem|>eratLre ( — lo" to -t-so" C.) for several months. 
It cannot be exploded by flame, nor by heatinfj it in an 
open vessel. It is only slightly decom|xi.scd by strong 
percussion on an anvil. A fulminate detonator produces 
the best c.vplosive cflccl with tri-nitro-toluene. It can 
be u.sed in conjunction with ammonium nitrate, but such 
admixture weakens the explo,sivc power ; but even then 
it is stated to be stronger than an equivalent mi.xture 
of di-nitro-ben/ene and ammonium nitrate. Mowbray 
btented a mixture of 3 parts nitro-toluol to 7 of nitro- 
Ij'cerme, also in the propcjrtions of 1 to 3, which he 
[ates to be a very safe explosive. 

Nitro - Naphthalene. — Nitro-naphthalcne is formed 
f the action of nitric acid on naphthalene (C„,Hg). Its 
formula is C,nHjNO„, and it forms yellow needles, melt- 
ing at 61" C. ; and of di-nitro-naphthalene CCK|Ha(NOj)g), 
melting point 216' C. There are also tri-nitro and tetra- i 
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iiitro, and » and |8 derivatives of nitro - naphthalene: 
It is the d i -n i tro-na phi hate ne that is chiefly used in 
explosives. It is contained in roburite, securite, romit, 
Volney's powder, &c, Fchven has patented an explosive 
consisting of lo parts of nitro-naphthalcne mixed with 
the crude ingredients of gunpowder as follows: — Nitro- 
naphthalene, 10 parts; saltpetre, 75 parts ; charcoal, 13.5 
parts ; and sulphur, 13.5 parts. He states that he obtains 
a mono-nitro-naphthalene. containing a small projmrtion 
ofdi-nitro-naphthalene. by digesting 1 part of naphthalene, 
with or without heat, in 4 parts of nitric acid (specific 
gravity 1.40) for five days. 

Quite lately a patent has been taken out for a mixture 
of nitro-naphthalene or di-nitro-benzene with ammonium 
nitrate, and consists in using a .solvent for one or other 
or both of the ingredients, cfl'ected in a wet state, and 
tiicn evaporating off the solvent, care being taken not 
ito melt the hydrocarbon. In this way a more intimate 
mixture is ensured between the particles of the com- 
ponents, and the explosive, thus prepared, can be fired 
by a smaller detonator, viz., by 0.54 grms. of fulminate. 
Favier's explosive also contains mono-nitro-naphthalcne 
(8.5 parts), together with 91.5 parts of nitrate of ammonia. 
This explosive is made in England by the Miners' 
Safety Explosive Company. Roburite sometimes con- 
tains chloro-nitro-naphthalenc. Romit consists of 100 
parts ammonium nitrate and 7 parts [X)ta.ssium chlorate 
mixed with a solution of ( part nitro-naphthalene and 
2 parts rectified jjaraffin oil. 

Ammonite. — The explosive known as ammonite con- 
.sists of a mixture nf ammonium nitrate, paraffin-wax, 
resin, and di-nitro-naphthalenc, It is manufactured in 
England at Stan ford -le-Ho|>e. The nitrate is dried by 
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in, powdered whilst hot, and mixed with di-nitro- 
naphthalene ; granulated, sifted, and compressed into 
hollow cylinders, which are afterwards filled with the 
same composition in a loose state. The whole is then 
dipped in melted paraffin. 

Sprengel's Explosives. — This is a large class of 
explosives. The essential principle of them ail is the 
admixture of an oxidising with a combustible agent at 
the time of, or just before, being required for use, the 
constituents of the mixture being very often non-explosive 
bodies. This type of explosive is due to Ur Herman 
Sprengel, F.R.S. Following up the idea that an ex- 
plosion is a sudden combustion, he submitted a variety 
of mixtures of oxidising and combustible agents to the 
violent shock of a detonator of fulminate. These mix- 
tures were made in such proportions that the mutual 
oxidation and deoxidation should be theoretically com- 
plete. Among them are the following : — 

I, One chemical equivalent of nitro-benzene to 5 
equivalents of nitric acid. 

Z. Five equivalents of picric acid to I3 equivalents of 
nitric acid, 

3. Eighty-seven equivalents of nitro-nuphthalene to 
413 equivalents of nitric acid. 

4. Porous cakes, or lumps of chlorate of potash, 
exploded violently with bisulphide of carbon, nitro- 
benzol, carbonic acid, sulphur, benzene, and mixtures of 
these substances. 

No. I covers the explosive known as Hell/ioffiUt and 
No. 2 is really oxonite, and No. 4 resembles rack-a-rock, 
an explosive invented by Mr S. R. Divine, and consisting 
of a mixture of chlorate of potash and nitro-benzol. 
Roburite, bellite, and securite should perhaps be regarded 
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} belonging to the Sprenfjel class of explosives, other- 
wise this class is not manufactured or used in England. 
The principal members are known as flellltofflU; consist- 
Bin^ of a mixture of nitro-pctrolcum or nitro-tar oils and 
plitric add, or of mcta-di-nitro-bcnzol and nitric acid ; 

txoiiilc, consisting of picric and nitric acids; and Pan- 
'ffastite. a name given to various mixtures, proposed by M, 
l"urpin, such as liquid nitric peroxide, with bisulphide of 

arbon, benzol, i>etroleum, ether, or mineral oils. 

Picric Acid, Tri-nitro- Phenol, orCarbazotic Acid. — 

iPicric acid, ora tri-nitro-phenol (CJ-[„(N03),0H) [2:4:6]. 
i produced by tlie action of nitric acid on many organic 
substances, such as phenol, indigo, wool, aniline, resins, 
At one time a yellow gum from Botany Hay {Xan- 
u/wrr.'iiea /las/i/is) was chiefly used. One part of phenol 
^(carbolic acid), C^HjOH, is added to 3 |Kirts of strong 
Jfuming nitric acid, slightly warmed, and when the violence 
(of the reaction has subsided, boiled till nitrous fumes are 
mo longer evolved. The resinous mass thus produced is 
Kbciled with water, the resulting picric acid is converted 
■ilnto a sodium salt by a solution of sodium carbonate, 
ftwhich throws down sodium picrate in crystals. 

Phenol-sulphuric acid is now, however, more generally 

} used, and the apparatus employed for producing it closely 

resembles tliat u.sed in making nJlro-benzol, It can also 

be obtained by the action of nitric acid on ortho-nitro- 

pheiiol, para-nitro-phenol, and di-nilro-phenol (2:4 and 

;6), but not from mcta-nitro- phenol, a fact which in- 

|idicates its constitution.* 

Picric acid cryslalli.ses in yellow shining prisms or 
laminx having an intensely bitter taste, and is poisonous. 



* Carey Lea, Amer-Jour. Sci. (il), s 
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ptnelts at [22.5° C, sublimes when cautiously hvatcd, 
Issolves sparingly in cold water, more easily in hot 
water, still more in alcohol. It stains the skin an in- 
tense yellow colour, and is used as a dye for wool and 
silk. It is a strong acid, forming well -crystallised yellow 
salts, which detonate violently when heated, some of 
them also by percussion. The potassium salt, CuH, 
(NO,)gOK, crystallises in long needles very slightly 
soluble in water. The sodium, ammonium, and barium 
salts are, however, easily soluble in water. Picric acid, 
when heated, burns with a luminous and smoky (lame, 
and may be burnt away in large quantity without ex- 
plosion ; but the mere contact of certain metallic oxides, 
with picric acid, in the presence of heat, develops power- 
ful explosives, which are capable of acting as detonators 
to an indefinite amount of the acid, wet or dry, which 
is within reach of their dctonativc influence. The formula 

of picric acid is (CuHJ ^q'^^'A whicl 
tion from phenol (CflHsO.H.), .three hydrogen atoms 
being displaced by the NO3 group. The equation of its 
formation from phenol is as follows : — 

CVl,.OH + 3HNOs = CoH^NO,),,OH-|-3H^O. 
According to Berthelot, its heat of formation from its ele- 
ments equals 49.1 calories, and its heat of total com- 
bustion by free oxygen is equal to -I-618.4 cals. It 
hardly contains more than half the oxj^en necessary for 
its complete combustion. 

2CoH3(NO,)j,OH-fO,o=i2CO,-(-3Hj-H3Ny 
The percentage composition of picric acid is —Nitrogen, 
18.34 I o'tygdi 49-23 ; hydrogen, i.OO; and carbon, 3144, 
equal to 60.2G per cent, of NOj. The products of de- 
composition are carbonic acid, carbonic oxide, carbon, 



which shows its forma- 
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hydr<jgen, and nitrogen, and the heat liberated, according 
lo IJertheiot, would be 130.6 cals., or 570 cals. per kilo- 
tjramine. The reduced volume of the gases would be Tpo 
litres per equivalent, or 829 litres per kilogramme. To 
obtain a total combustion of picric acid it is necessary to 
mix with it an oxidising agent, such as a nitrate, chlorate. 
&c. It has been proposed to mix picric acid (10 jiarts) 
with sodium nitrate (10 parts) and pota.ssium bichromate 
(8.3 parts). These proportions would furnish a third of 
oxygen in excess of the necessary proportion. 

Picric acid was not considered to be an explosive, 
properly so called, for a long time after its discovery, but 
the disastrous accident which occurred at Manchester 
{vide Gov. Rep. No. LXXXI., by Colonel (now Sir V. D.j 
Majendie, C.B.), and some experiments made by Dr 
Dupri: and Colonel Majendie to ascertain the cause of 
the accident, conclusively proved that tliis view was 
wrong. The exjxrriments of Berthelot (Bii//. dt la Soc. 
Chilli, tie Paris, xlix., p. 456) on the explosive decom- 
position of picric acid are also deserving of attention in 
this connection. If a small quantity of picric acid be 
heated in a moderate fire, in a crucible, or even in an 
open test tube, it will melt {at I20''C. commercial acid), 
then give off va(x>urs which catch fire upon contact with 
air, and burn with a sooty flame, without exploding. If 
the burning liquid be poured out upon a cold slab, it will 
soon go out. A small quantity carefully heated in a 
tube, closed at one end, can even be completely volatilised 
without apparent decomposition. It is thus obvious that 
picric acid is much less explosive thali the nitric ethers, 
such as nitro-glycerol and nitro-cellulose, and very con- 
siderably less explosive than the nitrogen compounds 
and fulminates. 

It would, however, be quite erroneous to assume that 
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picric acid cannot explode when simply heated. On the 
contrary. Berthelot has proved that this is not the case. 
If a f;lass tube be heated to redness, and a minute 
quEintity of picric acid crystals be then thrown in, it will 
explode with a curious characteristic noise. If the quan- 
tity be increased so that the temperature of tiie tube is 
materially reduced, no explosion will take place at once, 
but the substance will volatilise and then explode, though 
with much less violence than bcfore.in the upper part of the 
tube. Finally, if the amount of picric acid be still further 
increased under these conditions, it will undergo partial 
decomposition and volatilise, but will not even deflagrate, 
Nitro-benzene, di-nitro- benzene, and mono-, di-, and tri- 
nitro-naphthalenes behave similarly. 

The manner in which picric acid will decompose is 
thus dependent upon the initial temi^erature of the de- 
com[>osition, and if the surrounding material absorb heat 
as fast as it is produced by the decomposition, there will 
be no explosion and no deflagration. If, however, the 
absorption is not sufficient to prevent deflagration, this 
may so increase the temperature of the surrounding 
materials that the deflagration will then end in explosion, 
Thus, if an explosion were started in an isolated s|)ot, it 
would extend throughout the mass, and give rise to a 
general explosion. 

In the manufacture of picric acid the first obvious and 
most necessary precaution is to isolate the substance from 
otherchemicals with which it might accidentally come into 
contact. If pure materials only are used, the manufacture 
presents no danger. The finished material, however, must 
be carefully kept from contact with nitrates, chlorates, or 
oxides. If only a little bit of lime or plaster become 
accidentally mixed with it, it may become highly danger- 
ous. A local explosion may occur which might have the 
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effect uf causing; the explosion or the whole mass. Picric 
acid can be fired by a detonator, and M. Turpin patented 
the use of picric acid, unmixed with any other substance, 
in 1885. 

*■' It is chiefly due to French chemists (and to Dr 
Sprengel) tiiat picric acid has come to the fmnt as an 
explosive. Mehnite, a substance used by the French 
Goveniment for filling shells, was due to M. Turpin, and 
is supposed to be little else than picric acid. Sir F. A. 
Abel has also pro|x}sed to use picric acid, mixetl with 
nitrate of potash (3 parts) and picrate of ammonia (2 
parts) as a filling for shells. This substance requires a 
violent blow and strong confinement to explode it, I 
am not aware, however, that it has ever been officially 
adopted in this country. Messrs D^signollcs and Bru- 
gere have introduced military powders, consisting uf 
mixtures of potassium and ammonium picrates with 
nitrate of [wtassium. M. Di^signolles introduced three 
kinds of picrate powders, composed as follows : — 
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They were made much like ordinary guniwwder, 6 to 14 
j)er cent, of moisture being added when being milled. 
The advantages claimed over gunpowder are greater 
strength, and consequently greater ballistic or disruptive 
effect, comparative absence of smoke, and freedom from 
injurious action on the bores of guns, owing to the absence 
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sulphur. lirugfere's powder is composed of ammonium 
picrate and nitre, the projMrtions being 54 per cent, 
picrate of ammonia and 46 per cent, potassic nitrate. 
It is stably, safe to manufacture and handle, but ex- 
pensive. It gives good results in the Chassep6t rifle, very 
little smoke, and its residue is small, and consists of car- 
bonate of potash. It is stated that 2.6 grms. used in a 
nfle gave an effect equal to 5.5 grms. of ordinary gun- 
|jowder. 

Turpin has patented various mixtures of picric acid, 
with gum-arabic, oils, fats, collodion jelly, &c. When 
the last-named substance is diluted in the proiwrtion of 
from 3 to 5 per cent, in a mixture of ether and alcohol, 
he states that the blocks of picric acid moulded with it 
will explode in a closed chamber with a priming of from 
I to 3 grammes of fulminate. He also casts picric 
acid into projectiles, the cast acid having a density of 
about 1.6. In this state it resists the shock produced by 
the firing of a cannon, when contained in a projectile, 
having an initial velocity of 600 metres. It is made 
in the following way: — The acid is fused in a 
vessel provided with a false bottom, heated to 1 30" to 
145° C. by a current of steam under pressure, or simply 
by the circulation under the false bottom of a liquid, such 
as oil, chloride of zinc, glycerine, &c., heated to the same 
temperature. The melted picric acid is run into moulds 
of a form corresponding to that of the blocks required, or 
it may be run into projectiles, which should be heated to 
a temperature of about lOO' C, in order to prevent too 
rapid solidification. 

When cresylic acid is acted upon by nitric acid it 
produces a series of nitro compounds very similar to 
those formed by nitric acids on phenol, such as sodium 
di-nitro-cresylate, known in the arts as victoria yellow. 
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Naphthol, a phenol-like body obtained from napluhalciie, 
under the same conditions, produces sodium di-nitro- 
naphthalic acid CjuH„(NOj)jO. The explosive known 
as "roburite "con tains chloro-nitro-naphthalene.aiid romit, 
a Swedish explosive, nitro-naphthalene. 



The Fulminates. — The fulminates are salts of ful- 
Biiiiic acid, CjN,O^Hy Their constitution is not very 
well understo>)d. Dr E. Divers, F.R.S., and Mr Kawakita 
{CJiem. Soc. Jour., 1884, pp. 13-19), give the formula; of 
jnercury and silver fulminates as 

OC = N AgOC = N 

/ I N IN. 

Hg O and O 



^^^■whcrcas Dr H. E. ArmslronK. F.R.S., would prefer to 
^W write the formula of fulminic acid ON.C.OH 

^f C(N.OH), 

I and A. F. Holleman {BericJite, v. xxvi., p. 1403), assigns 

to mercury fulminate the formula C : N.O 
I. Hg I I 

* C : N.O, 

and R. Schoi {P>er..y. xxiii., p. 3505), C: NO 

!1 Hg, 

C:NO 
They are very generally regarded as iso-nitroso com- 
I pounds. 

The principal compound of fulminic acid is the mer- 

Icury salt commonly known as fulminating mercury. It 

s prepared by dissolving mercury in nitric acid, and then 

idding alcohol to the solution, i part of mercury and 

'12 parts of nitric acid of s])ecific gravity 1.36, and 5J 

L parts of 90 per cent, alcohol, being used. As soon as 

s mixture is in violent reaction, 6 parts more of alcohol 
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added slowly to moderate the action. At first the 
mixture blackens from the separation of mercury, but 
this soon vanishes, and is succeeded by crystalline flocks 
of mercury fulminate, which fall to the bottom of the 
vessel. During the reaction, large quantities of volatile 
oxidation products of alcohol, such as aldehyde, ethylic 
nitrate, &c., arc evolved from the boiling liquid, whilst 
others, such as glycollic acid, remain in solution. The 
mercury fulminate is then crystallised from hot water. 
It forms white silky, delicate needles, which are with 
difficulty soluble in cold water. In the dry state it is 
e.vtrcmely explosive, detonating on heating, or by friction 
or j)ercussion, as also on contact with concentrated sul- 
phuric acid. 

On adding copper or zinc to a hot .saturated .solution 
of the salt, fulminate of copper or zinc is formed. The 
copper salt forms highly explosive green crystal.s. There 
is also a double fulminate of copjwr and ammrtnia, and of 
copjjcr and potassium. Silver fulminate, C^NjO^Agj, is 
prcijared in a similar manner to the mercury salt. It 
sejjaratcsin fine white needles, which dissolve in 36 [larts 
of boiling water, and arc with difficulty soluble in cold 
water. At above 100" C, or on the weakest blow, it 
explodes with fearful violence. Even when covered with 
water it is more sensitive than the mercury salt It forms 
a very sensitive double salt with ammonia and several 
other metals. With hydrogen it forms the acid fulminate 
of silver. It is used in crackers and bon-bons, and other 
toy fireworks, in minute quantities. Gay Lussac found 
it to be composed as follows; — Carbon, 7.92 per cent. ; 
nitrogen, g.24 per cent. ; silver, 72.19 per cent, ; oxygen, 
to.(5s per cent ; and he assigned to it the formula, 
CjNjAgjOj. Laurent and Gerhardt give it the formula, 
CjN(NOjjAgj, and thus suppose it to contain nitryl, NOj. 




I 
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On adding potassium chloride to a boiling solution of 
argentic fulminate, as long as a precipitate of argentic 
chloride fonns, there is obtained on evaporation brilliant 
white plates, of a very exjalosive nature, of |x>tassic 
argentic fulminate, C(NO,)KAg.CN,froni whose aqueous 
solution nitric acid precipitates a white powder of hydric 
argentic fulminate, C(NOJHAg.CN. All attcm|»ts to 
prepare fulminic acid, or nitro-aceto-nitrile, C(NOj)HjCN, 
from the fulminates have failed. There is a fulminate of 
gold, which is a violently explosive buff precipitate. 
formed when ammonia is added to ter-chluridc of gold, 
and fulminate of platinum, a black precipitate formed by 
the addition of ammonia to a solution of oxide platinum, 
in dilute sulphuric acid. 

Fulminating silver is a compound obtained by the 
action of ammonia on oxide of silver. It is a very violent 
explosive. I'ure mercury fulminate may be kept an in- 
definite length of time. Water does not atTecl it. It ex- 
plodes at 187° C, and on contact with an ignited body. 
It is very sensitive to shock and friction, even that of 
wtMxi u|wn wood. It is used for discharging bullets in 
saloon rifles. Its inHammation is so sudden that it 
scatters black powder on which it is placed without 
igniting it, but it is sufficient to place it in an envelope, 
however weak, for ignition to take place, and the more 
rcsi.sting the envelope the more violent is the shock, a 
circumstance that plays an important part in caps and 
detonators. The presence of 30 jier cent, of water pre- 
vents decomposition, to per cent, prevents explosion. 
This is, however, only true for small quantities, and does 
not apply to silver fulminate, which explodes under 
water by friction. Moist fulminates slowly decompose 
on contact with the oxidisable metals. The (reduced) 
volume of ga.ses obtained from I kilo, is, according to 
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thelot, 335.6 litres. The equation of its decomposition 
is CHgNA = 2C0 + N,+ Hg. 

fulminate of mercury is manufactured upon the targe 
scale by two methods, One of these, commonly known 
as the German method, is conducted as follows: — One 
part of mercury is dissolved in 13 parts of nitric acid of a 
specific gravity of 1.375, and to this solution 16.5 parts 
of absolute alcohol are added by degrees, and heat is 
then slowly applied to the mixture until the dcn.se fumes 
first formed have disappeared, and when the action has 
become more violent some more alcohol is added, equal 
olumc to that which has already been added, This 
is added very gradually. The product obtained, which 
mercury fulminate, is ri2 per cent, of the mercury 
employed. Another method is to dissolve 10 parts of 
mercury in 100 parts of nitric acid of a gravity of 1.4, 
and when the solution has reached a temperature of 
54° C, to ijour it slowly through a glass funnel into 83 
parts of alcohol. When the effervescence ceases, it is 
filtered through pajxir filters, washed, and dried over hot 
water, at a temperature not exceeding 100' C. The ful- 
minate is then carefully packed in paper boxes, or in 
corked bottles. The product obtained by this process is 
130 |>er cent, of the mercury taken. This process is the 
safe.st, and at the same time the cheajxist. Fulminate 
should be kept, if possible, in a damp state. Commercial 
fulminate is often adulterated with chlorate of jxitash. 

Detonators, or caps, are metallic capsules, usually of 
cop]ier, and resemble very long percussioTi caps. The 
explosive is pure fulminate of mercury, or a mixture 
of that substance, with nitrate or chlorate nf [Ktla.sh, gun- 
powder, or sulphur. The following is a common cap 
mixture ; — icxjpartsof fulminate of mercury and 50 parts 
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^^Htf potassium nitnitc, or loopartsof Tulminatc and6o[}arts 
^^^bf meal powder. Silver fulminate is also sometimes used 
^^Hpi caps. There are eight .sizes made, which vary in 
^^~ dimensions and in amount of explosive contained. They 

arc further distinguished a^wngles,~cli'nititesr4J ebles. &c.. 

according to their niiinbcr. Colunel Cundill, R.A.("'Dict. 

I of Explosives"), gives the following list : — 
I No. I contains 300 jjmis. of explosive per 100a 

Tr 
7' 



(.50 



fc 

w 

^" d. 



Trebles arc generally used for ordinary dynamite, 5, 6, or 
7 for gun-cotton, blasting gelatine, roburite, &c, 

In the British service percussion caps, fuse.s, &c., are 

formed of 6 parts by weight of fulminate of mercury, 

I 6 of chlorate of [xitash, and 4 of sidphide of antimony ; 

btime fuses of 4 parts of fulminate, 6 of jx>tassium chio- 

Prate, 4 of sidphide of antimony, the mixture being 

' dami>ed with a varnish consisting of 645 grains of 

shellac di.ssolvcd in a pint of methylated spirit. Abel's 

fu.tc (No. I) consists of a mixture of sulphide of copper, 

» phosphide of copiKr, chlorate of pota.ih, and No. 2 of a 
inixturc of gun-cotton and gunpowder. They are de- 
tonated by means of a platinum wire heated to redness 
fcy means of an electric current. Bain's fuse mixture 
is a mixture of subphosphide of copper, sulphide of 
antimony, and chlorate of potash. 
In the manufacture of percussion caps and detonators 
the copper blanks are cut from copper strips and stamped 
to the required shape. The blanks are then placed in a 
^^^ gun-metal plate, with the concave side upiwrmost— a 
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tool com[KJsed of a plate of guii-metat, in which are 
inserted a number of copper points, each of the same 
length, and so spaced apart as to exactly fit each point 
into a cap when inverted over a plate containing the 
blanks. The [Mints arc dipped into a vessel containin[j 
the cap composition, which has been previously moistened 
with methylated spirit It is then removed and placed 
over the blanks, and a shght blow serves to tkposit a 
small portion of the cap mixture into each cap, A 
similar tool is then dipped into shellac varnish, removed 
and placed over the caps, when a drop of varnish from 
each of the copjjer ix>ints falls into the caps, which are 
then allowed to dry. This is a very safe and efficacious 
method of working. 

At the works of the Cotton-Powder Company Limited, 
at Faversham, the fulminate is mixed wet with a very 
finely ground mixture of gun-cotton and chlorate of 
potash, in about the proportions of 6 parts fulminate, 
I part gun-cotton, and I part chlorate. The water in 
which the fulminate is usually stored is first drained off, 
and replaced by displacement by a mixture of ether and 
alcohol. While the fulminate is moist with ether, the 
gun-cotton and chlorate mixture is added, and well 
mixed with iL This mixture is then distributed in the 
detonators standing in a frame, and each detonator is 
put separately into a machine for the purpose of pressing 
the paste into the detonator shell. 

At the eleventh annual meeting of the representa- 
tives of the Bavarian chemical industries at Regensburg, 
attention was drawn to the unhealthy nature of the pro- 
cess of charging percussion caps. Numerous miniature 
explosions occur, and the air becomes laden with mer- 
curial vapours, which exercise a deleterious influence 
upon the health of the operatives. There is equally 
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just cause for apprehension in respect to the poisonous 
gases which arc evolved during the solution of mercury 
in nitric acid, and especially during the subsequent treat- 
ment with alcohol. Many methods have been proposed 
for dealing with the waste products arising during the 
manufacture and manipulation of fulminate of mer- 
cury, but according to Ka;mmercr. only one of comi^ara- 
tivcly recent introduction ap|>cars to be at all satisfactory. 
It is ba.scd upon the fact that mercuric fulminate, when 
heated with a large volume of water under high pre.ssure. 
splits up into metallic mercury and non-explosive mer- 
curial compounds of unknown composition. 

In mixing the various ingredients with mercury ful- 
minate to form cap mixture.s, they should not be too 
dry ; in fact, they are generally more or less wet, and 
mixed in small quantities at a time, in a special house, 
the floors of which are covered with carpet, and the tables 
with felt. Felt shoes are also worn by the workpeople 
employed. All the tools and apparatus used must be 
kept very clean ; for granulating, hair sieves are used, and 
the granulated mixture is afterwards dried on light frames, 
with canvas trays, the bottoms of which are covered 
with thin paper, and the frames fitted with indiarubber 
cushions, to reduce any jars they may receive. The 
windows of the building should be painted white to keep 
out the rays of the sun. 

Mr H. Maxim, of New York, has lately patented a 
composition for detonators for use with high explosives, 
which can also be thrown from ordnance in considerable 
quantities with safety. The composition is prepared as 
follows: — Nitro-giyccrine is thickened with pyroxyline 
to the consistency of raw rubber. This is done by em- 
ploying about 75 to S5 per cent, of nitro-glycerine. and 
15 to 25 per cent, of pyroxyline, according to the stiff- 
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ness or elasticity of the compound desired. Some solvent 
that dissolves the nitro-cotton is also used. The product 
thus formed is a kind of blasting gelatine, and should be 
in a pasty condition, in order that it may be mixed with 
fulminate of mercury. The solvent used is acetone, and 
the quantity of fulminate is between 75 to 85 per cent. 
of the entire compound. If desired, the compound can 
be made less sensitive to shocks by giving it a spongy 
consistency by agitating it with air while it is still in a 
syrupy condition. The nitro- glycerine, especially in this 
latter case, may be omitted- In some cases, when it is 
desirable to add a deterring medium, nitro-benzene or 
some suitable gum is added. 

The method of preparing a blasting charge is as 
follows ; — A piece of Bickford fuse of the required length 
is cut clean and inserted into a 
detonator until it reaches the ful- 
minate. The upper portion of the 
detonator is then squeezed round 
the fuse with a parr of nippers. 
The object of this is not only to 
secure that the full power of the 
detonator may be developed, but 
also to fix the fuse in the cap (Fig. 
24). When the detonator, &c., 
to be used under water, or in 
damp situation, grease or tallow \ 
should be placed round the junction fk- =,.-Mftii™ w 1'k». 
of the cap with the fuse, in order '■«"■«,. i.in imh..^. 
to make a water-tight joint. A cartridge is then opened 
and a hole made in its upper end, and the detonator 
pushed in nearly up to the top. Gun-cotton or tonite 
cartridges generally have a hole already made in the 
end of the charge. Small charges of dry gun-cotton, 
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I known as primers, are }*enerally used to explode wet 
gun-cotton. The detonators (which are often fired by 
electrical means) are placed inside these primers (Fig. 25). 
One of the form-s of electric exploders used is shown 
Fig. 26. This apparatus is made by Messrs John 
D.ivis & Son, and is simply a small 
hand dynamo, capable of producing a 
current of electricity of high tension. 
This firm are also makers of various 
forms of- low tension exploders. A 
charge having been prepared, as in Fig. 
24, insert into the bore-hole one or more 
cartridges as judged necessary, and 
squeeze each one down separately with 
a waoticii rammer, so as to leave no space round the 
charge, and above this insert the cartridge containing ] 
the fuse and detonator. Now fill up the rest of the 





bore-hole with sand, gravel, water, or other tamping. 
With gelatine dynamites a firm tamping may be used, 
but with ordinary dynamite loose sand is better. The 

charge is now ready for firing. 
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Smokeless Powder in Gencrsl — Cordilc — BoUislilc — Schultrc's E.C. 
k^wdei — J.B. Powder — Indurite — Vielle Poudre — RiHeiie — Can- 
Mionile — Walsroilc — Coo[huI I'owdets — Amiicrilc — Triifadorf — 
c — Picric Acid Powders, &c &c. 

The progress made in recent years in the manufacture 
of smokeless powders has been very great. With a few 
exceptions, nearly all these powders arc nitro com|x>iinds, 
and chiefly consist of some form of nitro-cellulose, cither 
in the form of nitro-cotton or nitro-lignine ; or else con- 
tain, in addition to the above, nitro-glycerine, with very 
often some such substance as camphor, which is used to 
reduce the sensitiveness of the explosive. Other nitro 
bodies that arc used, or have been proposed, are nitro- 
starch, nitro-jutc, nitrated paper, nitro-benzene, di-nitro- 
bcnzenc, mixed with a large number of other chemical 
substances, such as nitrates, chlorates, &c. And lastly, 
there are the picrate powders, consisting of picric acid, 
either alone or mixed with other substances. 

The various smokeless powders may be roughly 
divided into military' and sporting powders. Hut this 
classification is very rough ; because although some of 
the better known purely military powders are not suited 
for use in sporting guns, nearly all the manufacturers of 
sporting fjowders also manufacture a special variety of 
their particular explosive, fitted for use in modern rifles 
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I or machine guns, and "occasionally, it is claimed, for big 

I guns also, 

Of the purely military jxiwders, the best known are 
cordite, ballistite, and melinite, the French B.N. powder. 

' the German smokeless {which contains nitro-glycerine 
and nitro-cotton) ; and among the general powders, two 
varieties of which are manufactured cither for rifles or 
S|X)rting guns, Schultze's, the E.G. powders, riflcite, S.R. 
and S.V., Walsrodc powder, cannonite, Coopaal powder, 
amberite. Sic. &c. 

Cordite, the smokeless powder adopted by the British 
Government, consists of 37 per cent, of gun-cotton, 58 
per cent, of nitro-glycerine, and 5 per cent, of vaseline. 
Its manufacture has already been given (page 64), and a 
paper will be found ii|x>n its manufacture, by Lieut-Col. 
Barker, R.A., in the Jour. Royal Artillery Inslitution, 
Jan. 1893. Cordite has developed a muzzle velocity of 
2400 foot sees, in a 6-inch gun ; and in the 4.7-inch gun, 
with a cordite charge of 5i lbs., it gave results equal to a 
charge of 12 lbs. of black powder. Its pressure in a rifle 
barrel is said to be 14 tons per square inch, 2 grms. of 
cordite being used. Colonel Barker, R.A,, says that the 
cflect of heat upon cordite docs not disturb its shooting, 
qualities more tlian it docs those of black powder. The 
following table shows its relation to black powder: — 
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The rate at which cordite explodps depends in a measure 
upon the diameter of the cords, and the pressure deve- 
loped upon its mechanical state. The sizes of cordite 
used are given by Colonel Barker as follows : — 



For ihc .303 rifle - 
„ 12 Pr, B.L. nun 



.0375 inch dian- 

.05 

■07 i 



„ 4.7-inch Q.F. gun 

„ 6-inch Q.F. gun * .300 „ 

„ heavy guns ■ - .4010.50 „ 

For rifles the cordite is used in buttdles of sixty- 
strands, in field-guns in lengths of 11 inches, and the 
thicker cordite is cut up into 14-inch lengths. When 
used in torpedo tubes it gives a velocity of 50 feet per 
sec, and a pressure of 35 lbs. in the tube. The cordite 
is burned in a chamber forming the door of the tube. 
Speaking of the effect that cordite has upon the guns in 
which it is used, Colonel Barker (R.A. Inst.) .said that 
they had at Waltham Abbey a 4.7-inch Q.F. gun that 
had fired 40 rounds of black powder and 249 rounds of 
cordite, and was still in excellent condition and showed 
very little sign of action, and also a r2-lb. B.L. gun that 
hiid been much used .and was in nowise injured. 

In some experiments made by Captain Sir A. Noble,* 
a charge of 5 lbs. 10 oz. of cordite of 0.2 inch diameter 
was fired. The mean chamber crusher gauge pressure 
was 13.3 tons per square inch (maximum 13.6, minimum 
12.9), or a mean of 2,027 atmospheres (max. 2,070, min. 
'i97o)- The muzzle velocity was 2,146 foot seconds, and 
the muzzle energy 1,437 foot tons. A gramme of cordite 
gencrate<l 700 c.c. of i>crmanent gases at 0° C. and 760 
mm. pressure, Thequantity of heat developed was 1,260 
gramme units. In the case of cordite, as also with 
* Ptve. Boy. Sec., vol. lii., No. 31 j. 
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ballistite, a considerable quantity of aqueous vapour has 
to be added to the permanent gases formed. A similar 
trial, in which 12 lbs. of ordinary pebble powder was 
used, fjavc a pressure of 15.9 tons [wr square inch, or a 
mean of 2424 atmospheres. It gave a 45-lb. projectile a 
mean muzzle velocity of 1,839 foot seconds, thus devclojj- 
ing a muzzle ener^ of 1,055 f°°^ tons. A gramme of 

; powder at 0° C, and 760 mm. generates 280 c.c of 
permanent gases, and develops 730 grm. units of heat 

In a scries of experiments conducted by the War 
Office Chemical Committee on Explosives in 1891, it 
was conclusively shown that considerable quantities of 
cordite may be burnt away without explosion. A 
number of wooden cases, containing 500 to 600 lbs. each , 
of cordite, were placed upon a large bonfire nf wood, and ' 
burned for over a quarter of an hour without explosion. 
At Woolwich in 1892 a brown paper packet containing 
ten cordile cartridges was fired into with a rifle (.303) 
loaded with cordite, without the explosion of a single 
one of them, which shows its insensibility to shock. 

With respect to the action of cordite upon gun.s. Sir 
A. Noble points out that the erosion caused is of a 
totally different kind to that of black ]x>wder. The 
surface of the barrel in the case of cordite appears to be 
washed away smoothly by the gases, and not pitted and 
eaten into as with black powder. The erosion also 
extends over a .shorter length of surface, and in small 
ai :ns it is said to be no greater than in the case of black 
powder. Sir A. Noble says in this connection : " It is 
aim' st unnecessary to e.xplain that freedom from rapid 
ero.''in is of very high importance in view of the 
rap. . deterioration of the bores of large guns when 
fired with charges developing very high energies. As 
might perhaps be anticipated from the higher heat 
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of ballistite, its erosive [x>\ver is slightly greater than 
that of cordite, while the erosive power of cordite is 
again slightly greater than that of brown prismatic. 
Amide powder, on the other hand, possesses the pecu- 
liarity of eroding very much less than any other powder 
with which I have experimented, its erosive power being 
only one-fourth of that of the other powders enume- 
rated." 

Taule giving some of Sir A. Noble's 
Experiments. 



Velocities Obtainbo. 
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4,227 
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6.9SO 1 7478 
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S.I04 .. ^,460 
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And again, in speaking of hi.s own experiments, he 
says: "One 4.7-inch gun has fired 1,219 ''oy^^s, and 
another 953, all with full charges of cordite ; while a 
fi-inch gun has fired 588 rounds with full charges, of 
which 3SS were cordite, In the whole of these gun.s, so 
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far as I can judge, the erosion is 
certainly not greater than with 
ordinary powder, and differs from it 
remarkably in appearance. With 
ordinary powder a gun, when much 
eroded, is deeply furrowed {these 
furrows having a great tendency 
to develop into cracks), and presents 
much the appearance in miniature 
of a very roughly ploughed field,' 
With cordite, on the contrary, the 
surface appears to be pretty 
smoothly swept away, while the 
length of the surface eroded is 
considerably less." 

The pressures given by cordite 
compared with those given by black 
powder in tiie 6-inch gun will be 
seen upon reference to Fig. 27, 
which is taken from Professor V. 
R. Lewes's paper, read before the 
Society of Arts ; and due to Dr 
W. Anderson. F.R.S.,the Director- 
General of Ordnance Factories. 

With regard to the effect ofheat ' 
upon cordite, there is some dif- 
ference of opinion. Dr W. Ander- 
son, F.R.S., says that there is no , 
doubt that the effect of heat upon 1 
cordite is greater than upon black ;] 
[Kjwcler. At a temperature of 1 10° ' 
F. the cordite used in the 4.7-inch 
gun is considerably affected as 
regards pressure. 
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Colonel Barker, R. A., in reply to a question raised by 
Colonel Trench, R.A. (at the Royal Artillery Institution) 
concerning the shooting qualities of cordite heated to a 
temperature of I lO^ F., said ; " Heating cordite and firing 
it hot undoubtedly does disturb its shooting qualities, but 
as far as we can scc,not much more than gunpowder. I Tear 
that we must always expect abnormal results with heated 
propellants, cither gunpowder or cordite ; and when fired 
hot, the increase in pressure and velocities will depend 
upon the heat above the normal or average temperature 
at which firing takes place." Colonel Marker also, in 
referring to experimentii that had been made in foreign 
climates, said : " Climatic trials have been carried out all 
over the world, and they have so far proved eminently 
satisfactory. The Arctic cold of the winter in Canada, 
with the temperature below zero, and the tropical sun of 
India, have as yet failed to shake the stability of the 
composition, or abnormally injure its shooting qualities." 
Dr Anderson is of opinion that cordite should not be 
stored in naval magazines near to the boilers. Professor 
Vivian B. Lewes, in his recent Cantor Lectures before 
the Society of Arts, suggests that the magazines of war- 
ships should be water-jacketed, and maintained at a 
temperature that does not rise above 100" F. 

Nobel's powder, known as balHstite, originally con- 
sisted of a camphorated blasting gelatine, and was made 
of 10 parts of camphor in 100 parts of nitro-glyccrine, to 
which 200 parts of benzol were then added, and 50 parts 
of nitro-cotton (soluble) were then steeped in this mix- 
ture, which was then heated to evaporate off the benzol, 
and the resulting compound afterwards passed between 
steam-hcatcil rollers, and formed into .sheets, which were 
then finally cut up into small squares or other shapes as 
convenient. The camphor contained in this substance 
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1, however, found to be a disadvantage, and its use 
liscontinued. The composition is now 50 per cent, of 

uble nitro-cotton and 50 per cent, of nitro-glycerinc. 
; nitro-glyccrine will not dissolve its own wdght 
of nitro-cotton (even the soluble variety), benzol is 
used as a solvent, but is afterwards removed from the 
finished product, just as the acetone is removed from 
cordite. 

The colour of ballistite is a darkish brown. It burns 
in layers when ignited, and emits sparks. The size of 
the cubes into which it is cut is a 0.2-inch cube. It is 
also, by means of a special machine, prepared in the 
form of .sheets, after being mixed in a wooden trough 
fitted with double zinc plates, and subjected to the heat- 
ing process by means of hot-water pi|x;s. It is passed 
between hot rollers, and rolled into sheets, which are after- 
wards put through a cutting machine and granulated. 
Sir A. Noble's experiments* with this powder gave the 
allowing results r — The charge used was 5 lbs. 8 oz., the 
if the cubes being 0.2 inch. The mean crusher- 
gauge pressure was 14.3 tons per square inch (maximum, 
2,210; minimum, 2,142), and average pressure 2,180 
atmospheres. The muzzle velocity was 2,140 foot seconds, 
and the muzzle energy 1429 foot tons. A gramme of 
ballistite generates 61 5 c.c. of ix;rmancnt gases, and gives 
rise to 1,365 grm. units of heat. Ballistite is manufac- 
tured at Ardeer in Scotland, at Chilworth in Surrey, and 
also in Italy, under the name of filite, which is in the 
form of cords instead of cubes. The ballistite made in 
Germany contains more nitro-cellutose, and the finished 
powder is coated with graphite. 

Turning now to the smokeless powders, in which the 
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ief ingredient is nitro-cellulosi; in some form ((.-ithcr 
gun-cotton or nitro-lignine, &c.}, one of the first of these 
was Prentice's gun-cotton, which consisted of nitrated 
paper 15 parts, mixed with 8$ parts of unconverted 
cellulose. It was rolled into a cylinder. Another was 
Punshon's gun-cotton powder, which consisted of gun- 
cotton soaked in a solution of sugar, and then mixed with 
a nitrate, such as sodium or potassium nitrate. Barium 
nitrate was afterwards used, and the material was granu- 
lated, and consisted of nitrated gun-cotton. 

The explosive known as tonite, made at Faversham, 
was at first intended for use as a gunpowder,but is nowonly 
used for blasting. One of the earliest of the successful 
|x>wders introduced into this country was Schultze's 
powder, the invention of Major Schiiltze, of the I'russian 
Artillery. As first introduced, it consisted of gunpowder, 
minus sulphur; i.e., it was wood cellulose, saturated with 
a solution of nitrate of potash (saltpetre). The compo- 
sition has now, however, become more complicated, and 
nitro-lignine is one of its principal constituents. The 
late Colonel Cundill * gives the following analysis of a 
sample of Schultzc powder : — 

Soluble nilro-li^nini: 14-83 

Insoluble „ . . . . ^ 33-36 

Ugnine (unconverted) 13.14 

Nilralesof K and lla - - - . . 32.35 

I'arailin - . - 3.65 

Mailers solulilc in alcohol ... - o-ll 

Moisture 2.S6 

Other substances thai have, however, been used in 
its composition are starch, collodion, and paraffin. Its 
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principal cunstitucnt is nitro-Iignine, obtainet! from wood. 
The wood is first sawn into sheets about /^ inch thick, 
and then pa^cd through a machine, which punches it up 
into grains of a uniform size, which arc tlicn deprived of 
the resinous substances contained in the wood by boil- 
ing in a soKition of caustic soda. They are then drained, 
steamed, and bleached by chloride of lime. The grains 
are now almost pure cellulose, and are nitrated much in 
the same way as in the manufacture of nitro-cellulose. 
The nitro-cellulose or Hgninc thus produced is then 
steeped in a solution of potassium nitrate. 

The wood pulp from the sulphite cellulose or sods 
processes of manufacture is now largely used by smoke- 
less powder makers. There is also a wood paper made 
at Waldhof, of a gauze-like nature, that nitrates very 
well, and can be used direct when torn up into moderate 
sized pieces. 

Schultze powder resembles the E.C. powder, but is 
Uncolourcd, tteing white, or nearly so. Another of the 
early nitro powders was the now well-known E.C. powder, 
invented by Mr Walter F. Reid, F.I.C, and patented by 
Messrs Reid and Johnson in 1SS2. This jjowder is 
manufactured in England at Grcenhithc, in Kent, by the 
E.C. Powder Company, and in America by the Anglo- 
American E.C. i'owdcr Company at New Jersey. The 
basis of this powder is a fine form of cellulose derived 
from good cotton, carefully purified, and freed from all 
foreign substances, and carefully nitrated. 

The nitro-cellulose formed is, it is claimed, entirely 
the lower nitrates, and gun-cotton is said to be entirely 
absent. They are manufactured somewhat as follows : 
—Pure nitro-cotton, in the form ofa fine powder, is rotated 
in a drum, sprinkled with water, and the drum rotated 
until the cotton has taken the form of grains. The 
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re then dried and moistened with cthcr-alcohol, 
whereby the surface is gelatinised, and afterwards coloured 
with aurine, which gives them an orange colour. They 
arc thun dried and put through a sieve, in order to sepa- 
rate the grains which may have stuck together during 
the gelatinising process. 

The No. 2 E.C. powder contains a little camphor, and 
is further treated throughout the graining with elher- 
alcohol. A harder grain is thus produced. The stability 
of the E.C. powder is very satisfactory, and it is said to 
stand the Government heat Ifcst for a considerably longer 
time than is absolutely necessary. The No. i powder 
requires more compression in the cartridge than the 
No. 2, which is very hard and dense, and therefore each 
grain burns with great regularity, thereby producing a 
higher velocity than No. i, without any increase of 
pressure in the chamber of the gun. 

The E.C. powders are chiefly used in sporting guns. 
Great care is taken to test them as regards composition 
and stability. The velocity test with Houlengii's* chrono- 
graph, the ]x:netration test with tlic field force gauge, 
trials for patterns in a 3o-inch circle, and pre.ssure trials in 
lead cylinders and crusher gauges are also rigorously 
carried out. The powder known as J.B. ]X)wder, invented 
by Messrs Judson and Borland, was {it is not, I believe, 
now manufactured) very similar to the E.C. powder, it 
contained camphor, and was somewhat differently treated 
during the process of manufacture. 

iQdurite is the invention of Professor C. E. Munroe, 

• Invented in 1869 by Major Le Boulengo, liclgiiin Artillery. 
ll is intended lo record the mean velocity between any two points, 
and from its simplicity and accuracy, is largely employed, Other 
forms have been invented by Capt. lir^ger, French Artiilerie de I& 
Marine, and Capu Holden, R.A. 
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of the U.S. Naval Torpedo Station. It is made from 
insoluble nitro-colton, treated in a i)articular manner by 
steam, and mixed with nitro-benzene. The Dupont 
I powder is very similar to InduriU. M, E, Leonard, of 
: United States, invcntet! a powder consisting of 75 
»arts of nitro-glycerine, 35 piirts of gun-cotton, 5 parts 
^ of lycppodium powder, and 4 parts of urea crystals 
dissolved in acetone. The French smokeless powder, 
Viellc poudrc (poudre IJ), used in the l.ebel rifle, is a 
mi.\turc of nitro-cellulose and tannin, mixed with 
barium and potassium nitrates. It gives a very feeble 
report, and very little bluish smoke. The Nobel Com- 
pany is said to be perfecting a smokeless powder ill 
which the chief ingredients are nitro-amido- and tri- 
nitro-benzene. 
^^ Another well-known and highly succes.sful class of 

^^k smokeless powders are those manufactured by the Smoke- 
^^H less Powder Company Limited, whose works are situated 
^^^L^t Uarwick, Herts. This company makes powders suited 
^^^Veither for military or s;x:>rting purjjoses, the jxiwder 
^^^Blcnown as rifleite having given very excellent results in 
^^" the .303 Lee-Metford and other magazine military rifles. 
Rifleite is made in several qualities — .303 for sporting 
and military magazine rifles ; .450 for Martini-Henry 
and for sporting, express, and military rifles, and for 
machine guns of same calibre ; .250 for rook and rabbit 
rifles, and a revolver rifleite. 

The company's sporting powders are well known 
under the names of S.S, and "Shot-Gun Rifleite," the 
former being used in ordinary and the latter in cone- 
base cases. The comjjosition of these jxiwders is very 
simple. They are nothing but nitro-lignine pure and 
simple. Analyses have been published in which such 
^^^ substances as phenyl-amido-beuzene appear among the 
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constituents, but the late Mr J. D. Dougall, the managinfj 
director of the company, to whom (together with Mr 
Duff Grant) I am indebted for the various details con- 
cerning these [xjwders. assured me that they contain 
nothing but nitro- cellulose in the form of nitro-Hgnine, 
the various shooting qualities being obtained by the 
mixture of the higher and tower nitrates of lignine, nitro- 
benKol merely being used as a solvent during their 
manufacture, in the same way as acetone is used in the 
making of cordite, and is afterwards entirely evaporated 
oflTfrom the finishefl product. Among the qualities and 






advantages claimed for the jxiwdcrs of this company are 
safety in manufacture, transport, storage, and use, in all 
classes of firearms ; regularity in strength and velocities ; 
hardness of grain and absence of dust ; no objectionable 
or deleterious gases; are not injurious to the metal of 
barrels; lessened recoil ; no jar or fouling; less heating 
and report ; high patterns, high velocity, and smokeless 
by day and flameless by night, and stability in all 
climates. 
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Al the Bisley meeting of the National Rifle Associa- 
boii in 1S9S a competition was shot with rifleitc in the 
Lcc-Mctfonl .303 rifle at a distance of 900 yards ; ten 
shots each ; highest possible score, 50. The bull was 
3 feet. The first prize was won by Private W. G. 
Hay, 2Tid V.B. Liverpool R(^ment. with a score of 
4S. The ammunition used u-as loaded with 38 grains 
weight of rifleitc .303, with serv'ice bullet of 215 grains, 
complying with Go\-cniment specification in weight of 
bullet and mujizlc \-elocity. The target is given in 
Fig. 28. 

The figures (No, 29) show the effect of firing a double- 
barrcl deer-stalking rifle, .303, using rifleite, into a bag of 
vret silver sand at the distance of 100 jards, a test sug- 





I gie.«t»l by the late Mr J. H. Walsh, for ascertaining the 
I effect of the bullets upon the animal hit by them, the 
' rtesirod mushnxMii effect being obtained, as will be seen 
in Fijj. 30- 

The following tables, for which I am indebted to the 
Mr J. O, Dougnll, show the muzzle velocity of 
' -.lOJ against airdite, and S.R.* against black 



il)er*lAn4t thni ihc Company hnvc tinw given up the 
laTK.K. ii«»wdirrinriivourtif"Riflciie-4SO," which they 
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In order not to interrcre with the sights already on 
existing rides, and which are marked to agree with the 
muzr.\e velocity obtained by ordinary black gunpowder, 
the smokeless S.R. was made to produce the same muzzle 
velocity, or at the most, not more than [ per cent, in- 
crease, so that c.\isting rifles can be used with the regula- 
tion ammunition charged with S.R. One ton (2,000 lbs,) of 
smokeless S.R. will load as many cartridges as 2 to 2I ions 
ofblack powder. I-'or example, i ton of black powder will 
load 164.700 Martini-Henry cartridges ; whereas 1 ton of 
smokeless S.R. will load 360.000 ; or r,ooo,ooo Martini- 
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^^B Henry cartridges loaded with smokeless S.R. will weigh 


^^B 3 tuns less than if loaded with black [x>wder. 


^^H Taiii.e of Comparison hetwicf.n Rifleitk S.R. and Black ' 




POWUER {40 GRS. CHARGK) IN MARTINI-HENRV RIKLK. ,1 










Mualc Vdodiy. Jl 
















Dvw INnnl. 


Ihcha. 


S.R. 


B1iidil\«fda. 








F.)«S«,. 


FooISks. 




Jan. 3, 1893 


T. 2B" F, 


29.00 


',334' 

',334 
',3'7 

1,327 


',303 

I.3IO 

".317 

'.3'7 
'.3'3 

',314 




Feb. 8, „ 


T. 44' F. 


29.72 


"■33" 


',377 






D.l'. 37 




',375 
'.348 
',345 
1.335 

AvinEc. 
1.346 


..3'6 
1,314 
1,338 
1,334 

AvcnKC 
'.324 




Mar. 6, „ 


T. 5.' F. 


30-13 


1.330 


1,379 






n.p. 4s 




1,35= 
'■338 
1,344 
',3^4 

Avcralt.. 


'.338 , 

1,334 
',314 
1,338 










'.337 


1.343 




In other rifles. Remington U.S. Government ^S.m 


^^1 Gras, &c., the difference is still greater. The charge of 


^^V S.R. to obtain the best results varies in different rifles, as 


^^K much de[x;nds upon the particular cartridge used, the 


^H strength of the cap, the size of the flash-hole, the weight 
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of the bullet, and the nature of the rifling. Appmxi- 
mately it runs from 35 to 50 per cent, of the weight of 
black ]K)wder. The S,K. powder is much used in Eng- 
land for express rifles, and it is also being adopted by 
the Indian Government. The blasting powders made 
by this company arc known as SB.^SB.' for hard rock, 
and SH.* for softer rock. 

Cannonite is another nitro-cellulose smokeless powder 
that is rapidly coming to the front. It is the invention 
of Mr H. M. Chapman, and is manufactured by the War 
and Sporting Smokeless Powder Syndic.^te Limited at 
their works at Trimley, in Suffolk. The specific gravity 
of this powder is 1.6, and in appearance it is a rather fine- 
grained black powder. It is claimed for it that it gives a 
muzzle velocity of 2,030 foot seconds, a pressure of 1 5 to 17 
tons per square inch ; that it is non-erosive, clean burning, 
and waterproof, and combines accurate shooting with 
almost entire smokelessness. It also gives good patterns 
with great jjenetration. Having through the kindness of 
Mr A. C. I'onsonby been able to visit the factory where 
this powder is made, I am able to confirm many of these 
claims. When fired from the .303 M.I5.L. rifle or the 
Martini-Henry, it was hardly possible to see the slight 
puff of vapour formed. The recoil in the case of the 
.303 and other rifles was very slight, and in a shot- 
gun hardly to be noticed. It did not heat the gun to 
any great extent ; certainly less than most powders. It 
gives a pressure in rifles of [5 to 17 tons per square inch, 
and is a very stable powder (stands the heat test for over 
an hour). 

The following results were obtained by the editor of 
Arms nitfi Explosives, with a modified choke Woodward 
gun at a range of 40 yards in a scries of ten rounds. 
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The avcragt; of 214 pellets struck the target within a 
circle of 30 inches. With regard to the muzzle veIocit>', 
fifteen shots fired from a rifle gave, as tested by the chrono- 
graph, an average muzzle velocity of 2.007 fo^t seconds. 
The |X)wder is manufactured for use in Hfles, shot-guns. 
revolvers, &c. The charge for shot-guns is 35 grains, and 
for rifles ^J grs., and 1 lb. (7,000 grs.) will load 200 
cartridges. 

The manufacture of cannonite is shortly as follows: 
— The gun-cotton which is the chief ingredient of this 
powder is first completely dried, and is then mixed with 
certain resinous com|X)untls, which act as moderators, 
and treated with certain .solvents, in order to bring the 
gun-cotton into a plastic condition. The plastic mass is 
then taken to the press-house, where it is placed in a 
press, and forced at great pressure through a series of 
small holes in a gun-metal plate. The threads vary In 
size according to the use for which the powder is in- 
tended. That for sporting guns is of a smaller diameter 
than that for use in the .303 and other rifles. The 
solvents which have been used for the purpose of gelatin- 
ising the gun-cotton are now evajxirated offand recovered. 
The powder is then broken up, and jws.sed through a 
pair of bronze rollers with rough surfaces, in order to 
reduce it to a proper state of fineness. The further 
treatment consists of granulation ; of sifting to get rid of 
dust; and finally, glazing with graphite in revolving 
drums. It is then ready for loading into cartridge cases. 
The factory is well provided with testing apparatus, such 
as the chronograph, field force gauge, pressure gauges, 
&C. There is a 1,000 yards range, fitted with telephonic 
communication, and vice rest fur holding a rifle, a 500 
yards range, various targets, &c., also a laboratory, and 
is generally well laid out and conducted. 
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The smokeless puwtier known as VValsrude ijuwdef 
consists of absolutely pure gelatinised nit ro-cellii lose, 
grained by a chemical not a mechanical process, conse- 
quently the grains do not need facing with gelatine to pre- 
vent their breaking up, as is the case with many nitro 
powders. For this same reason, as well as from the method 
ofgetting rid of the solvent used, the Walsrode has no ten- 
dency whatever to absorb moisture. In fact, it can He in 
water for several days, and when taken out and tlried again 
at a moderate temperature will be found as good as before. 
Nor is it influenced by heat, whether dry or damp, and 
it can be stored for years without being in the least 
affected. It is claimed also that it heats the barrels of guns 
much less than black (wwder, and does not injure them. 

The standard chaise is 30 grains, and it is claimed 
that with this charge Walsrode powder will prove second 
to none. A large cap is necessary, as the grains of this 
powder are very hard, and require a large flame to 
properly ignite them. In loading cartridges for s|X)rting 
purposes, an extra felt wad is required to compensate 
for the small space occupied by the charge ; but for 
military use the powder can be left quite loose. The 
gas pressure of this powder is low (in .several military 
rifles only one-half that of other nitros), and the recoil 
consequently .small ; and it is claimed that with the 
slight increase of the charge (from 29 to 30 grs.) both 
penetration and initial velocity will be lai^ely increased, 
whilst the gas pressure and recoil will not be greater. 

This iK>wder was used at Hisley, at the National 
Rifle As.sociation's Meeting, with satisfactory results. It 
is made by the Walsrode Smokeless and Waterpr(K>f 
Gunpowder Company. The nitro-cotlnn is gelatinised 
by means of acetic ether, and the skin produced retards 
burning. The nltro-cotton is mixed with acetic ether. 
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and when the yelatinisation has taken place, the plastic 
mass is forceti through holes in a metal plate into strips, 
which arc then cut up into pieces the size of grains. 
The M.H. Walsrode powder is a leaflet powder, light in 
colour, about 40 grains of which give a muzzle velocity of 
1 .350 feet and a pressure of 3 tons, and hardly any recoil. 
It is, like the other Walsrode powders, waterproof and 
heat- proof. 

Coopaal Powder is manufactured by Messrs Coopaal 
& Co. at their extensive powder works in Belgium. It 
consists of nitro-jute or nitro-cotton, with or without 
nitrates, treated with a solvent to form a gelatinisetl 
mass. There are a great many varieties of this po^vder. 
One kind is in the form of little squares ; another, for 
use in Hotchkiss guns, is formed into 3-miilimetre cubes, 
and is black. Other varieties are coloured with aniline 
dyes of different colours. The Corjpaal Company arc 
also large manufacturers of black powder, cocoa, pris- 
matic, [icbblc, and blasting powders. 

Amberite is made by the Clyde Mills Comixiny, of 
Sandbank, N.B., and consists of gun-cotton, paraffin 
(free from mineral acids), and shellac. The No. 2 variety 
is a mixture of nitro-cellulose, paraffin, vaseline, graphite, 
and either barium or potassium nitrate. The earlier 
varieties of this powder were said to contain niti o-glycer- 
ine, castor-oil, and nitrates, together with nitro-cellulose. 
Catechu was or is contained in this powder. It is claimed 
for this powder that it combines hard shooting with safety, 
great penetration, and moderate strain on the gun ; it is 
hard and tough in grain, and may be loaded in the same 
manner as black powder, and subjected to hard friction 
without breaking into dust ; that it is smokeless, and 



GUEINICK'S, VUN I-OSTEU's, TKOISbORr I'OWDEK. 

leaves no residue to foul the gun. Amberite No. 2 is a 
rifle powder, and intended for use in the Martini-Henry, 
" Express," and other sporting rifles of a calibre of .^cxj 
and upwards. 

Greiner's Powder consists of nitro-cclluiosc, nitro- 
bcnzoi, graphite, .ind lampblack. 

B.N. Powder consists of nitro-celluiose and tannin, 
partly gelatinised by solvents, and incorporated with either 
barium or potassium nitrate. 

Von Foster's Powder contains nothing but pure 
gelatinised nitro-cdiulose, together with a small quantity 
of carbonate of lime. 

The German Troisdorf Powder is a mi,\ture of gela- 
tinised nitro-cellulose, with or without nitrate.s. 

Maximite is the invention of Mr Hudson Maxim, 
and is a nitro compound, the base being gun-cotton. 
The exact compo.sition and method of manufacture are, 
however, kept secret. It i.s made by the Columbia 
Powder Manufacturing Company of New York, and in 
two forms — one for use as a smokeless rifle powder, and 
the other for blasting purposes. 

A [xiwder recently invented by M. St Marc, a French 
officer, was a short time back experimented with at 
lilswick by Sir W. G. Armstrong & Co. The gun used 
was a quick-firing Hotchkiss, having a calibre of 47 
millimetres, while the projectile weighed 1,800 grm.s. 
The distance from the mouth of [he gun to the target 
was 50 metres. With a charge of 12 oz. of powder a 
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muz/.lc vcliicity of 657 metres per sccuiu! was obtained ; 
with a I4-OZ. charge, 702 metres ; and with a 16-oz. 
charge. 874 metres. The powder is blue in colour, and 
is composetl of grains, the size of each grain being 10 
millimetres by 4 millimetres. The inventor claims that 
it will keep fur an indefinite period without aLsorbing 
moisture. 

Normal Powder. — The Swedish powder known as 
'■ Normal " Smokeless Powder, and manufactured by the 
Swedish Powder Manufacturing Company, of Land- 
skrona, Sweden, and used fur some years past in the 
Swiss army, is made in four forms. For field guns of 
84 calibre, it is used in the form of cylindrical grains 
of a yellow colour, of a diameter of .S to ,9 mm. and 
density of .790 — about 840 grains of it go to one gun. 
For rifles, it is used in the form of grey squares, density 
.750, and I grm. equals about 1,014 grains. One hun- 
dred rounds of this powder, fired in eighteen minutes, 
raised the temperature of the gun barrel 284° F. A 
nitro-glycerine powder, fired under the same conditions, 
gave a temi^erature of 464" F. 

This powder is said to kct;p well — a sample kept 3.I 
years gave as good results as when first made — is easy to 
make, very stable, ignites easily, not very sensitive to shock 
or friction, is very light, &c. Eight hundred rounds fired 
from a heavy gun produced no injury to the interior of 
the weapon. Samples kept for eleven months in the 
moist atmosphere of a cellar, when fired gave a muxzle 
velocity of 1,450 ft. sees, and pressure of 1,312 atmo- 
spheres, and the moisture was fi)und to have risen from 
1.2 to 1.6 per cent. After twenty-three months in thedamp 
It contained 2 [ler cent, moisture, gave a muzzle velocity of 
1,478 ft. sees., and pressure of 1,356 atmospheres, 1037.5 
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niillimctro rifle, 13.8 grm. bullet, and char[^e or2yrms., it 
gives a. mu/zlo vducity of 2,035 ^^- ^ccn. and a pressure 
of 2,300 atmospheres. In the 8.4 cm, field-gun, with 
charge of 600 yrms., and projectile of 6.7 kilogrammes, 
muzzle velocity was equal to 1,640 ft, sees, and pressure 
1,750. A sample of the powder fur use in the .303 M. 
rifle, lately analysed by the author, gave the following 
result : — 

GuD-cotton - , - - . 96.11 percent. 

Soluble coiton • - • - i.So „ 

Non-nilraied collon Irnce. 

Kesin and other matters - i.og „ 



The various forms of powder invented and manufactured 
by Mr C. F, Hengst are chiefly composed of nitrated 
straw that has been finely pulped. The straw is treated 
first with acids and afterwards with alkalies, and the result 
is a firm fibrous substance which is granulated. It is 
claimed that this powder is entirely smokeless and flame- 
less, that it does not fou! tlie gun nor heat the barrel, and 
is at the same time 1 50 per cent stronger than black 
imwder. 

The German "Troisdorf" jxjwder consists of nitro- 
cellulose that has been gelatinised together with a nitrate. 
Kolfs ix)wder is also gelatinised with nitro-ccllulosc. 
The powders invented by Mr E, J, Ryves contain nitro- 
glycerine, nitro-cotton, ca.stor-oil, pa|K,'r-pulp, and car- 
bonate of magnesia. Maxim powder contains b*ith 
soluble and insoluble nitro-cellulose, nilro-glycerine, and 
carbonate of soda. The smokeless powder made by the 
"Dynamite Actiengcsellschaft Nobel" consists of nitro- 
starch 70 to gg parts, and of dj- or tri-nitro-benzene 1 to 
30 parts. 

An American wood powder, known as Bracket's 
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S|Xirting I'owder, consists of soluble and insoluble nilro- 
lijjnine, mixed with charred ligninc, humus, and nitrate of 
soda. Mr F. H, A. Snyder, of New York, is the inventor 
of a shell powder known as the "Snyder Explosive," 
consisting of 94 per cent, nitro-glycerine, 6 per cent, of 
soluble nitro-colton, and camphor, which is said to be 
safe in use. Experiments were made with it in a 6-inch 
rifled gun, fired at a tai^et 220 yards away, composed of 
twelve i-inch steel plates welded together, and backed 
with 12-inch and 14-inch oak beams, and weighing 20 
tons. The shots entirely destroyed it. The charge of 
explosive used was 10 lbs. in each shell. 

Comparative Tests of Black and Nitro Powders, 
from "American Field." — The results given in table 
bciow were obtained at the German Shooting Asso- 
ciation's grounds at Coepenick, Berlin. Penetration was 
calculated by placing frames, each holding five cards of 
I millimetre in thickness (equals .03937 inch), and 3 
inches apart, in a bee-tine, at distances of 20 inches. 
Velocity, pattern, and penetration were taken at 40 yards 
from the muzzle of a 12-gauge choke-bore double-barrel 
gun. Gas pressure was taken by a special apparatus. 
All shells were loaded with ij oz. of No. 3 shot, equal to 
120 pellets, and the number given below represents the 
average number in the 30-inch pattern. The number of 
sheets passed through gives the average penetration. 
One atmosphere equals pressure equal to i kilogramme 
(2.2 lbs.) on the square centimetre, hence 1,000 atmo- 
spheres equal 2,200 Ib.s. on the square centimetre. The 
E.C., Schultze, and Walsrode powders were loaded in 
Eley's special shells, 2^ inches long. The averages were 
taken from a large number of shots, and the same series 
of shots fired under precisely the same conditions. 
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Picric Powders. — The chief or these is Melinite, the 
composition of which is not known with certainty. It is 
believed to be melted picric acid together with other 
substances. Picrntc-s arc more often used than picric acid 
itself in powders. One of the best known is Urugirc'.'! 
Powder, which is a mixture of 54 parts of picrate of 
ammonia and 45 part.s of saltpetre. It is stable and safe 
to manufacture. It has been used in the ChassepOt rifle 
with good results, gives little smoke, and a small residue 
only of carbonate of potash. 

The nc-st in importance is Designollc's Powder, made 
at Houchon, consisting of picrate of jxitash, saltjxrtre. and 
charcoal. It was made in three varieties, viz., for rifles, 
big guns, and torix;tl<ws and shells. These powders are 
made much in the same way as gunpowder. The ad- 
vantages claimed for them over gun[K)wder are, greater 
strength, com|)arative absence of smoke, and freedom 



from injui 



s action on the bores of guns. 
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EmmcnBite is tho invention of Dr Stephen Emmcns, 
of the United States. The Emmens " crystals " are pro- 
duced by treating picric acid with fuming nitric acid of 
specific gravity of 1.52. The acid dissolves with the 
cvoUition of red fumes. The liquitl, when cooled, deposits 
crystals, stated to be different to picric acid, and lustrous 
flakes. These flakes, when heated in water, separate into 
two new bodies. One of these enters into solution and 
forms cr>'stals unlike the first, while the other body 
remains undissolved. The acid crystals are used mixed 
with a nitrate. 

Emmensite has been subjected to experiment by the 
direction of the U.S. Secretary for War, and found satis- 
factory. A sample of Emmensite, in the form of a coarse 
powder, was first tried in a pistol, and proved superior 
in pro|x;lling |xiwcr to ordinary gunpowder. When tested 
against explosive gelatine, it did very good work in 
shattering iron plates. It is claimed for this explosive 
that it enjoys the distinction of being the only high 
explosive which may be u.scd both for firearms and 
blasting. This view is supported bj' the trials made by 
the American War Office authorities, and shows Em- 
mensite to be a useful explosive both for blasting and as 
a smokeless [rowder. Its explosive {x>wer, as tested, is 
283 tons per square inch, and its specific gravity is 1.8. 

Abel proposed to use picric acid for filling shells. 
His Picric Pmvder consisted of 3 parts of saltpetre and 
2 of picratcof ammonia. Vtclorite consists of chlorate 
of |>ota.sh, picric acid, and olive oil, and with occasionally 
some charcoal. It has the form of a coarse yellowish 
grey powder, and leaves an oily stain on paper, and it is 
very sensitive to friction and jxircussion. The com- 
[>osition is as follows r — KCI03= So jwrts ; picric acid, 1 10 
[>arts; salt[)etre, ro parts; charcoal, 5 (Xirts. It is not 



PICRIC POWDERS. 



191 



manufactured in England. Tschiner's Powder is very 
similar to Victorite in composition, but contains resin. 
A list of the chief picric powders will be found in the 
late Colonel J. P. Cundill, R.A.'s, " Dictionary of Ex- 
plosives." 
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Kicselguhr Dynamite — Cidiitiiie Compounds — Tonilc — Cnnlile — Vasclini 
— Aeelnne — Allen's Scheme Tot Analysis of Exploaivvs—Nilni-Cnllun 
— SoluliililyTcsl — Non-Nitiatcd Coicon— Alkalinity— Ash anil Ino 
ganic M.-itler — D ttrrmination of Nitrngcn — I.un^'s, Chamjiion ai 
Pcllcl'Si-Schultic-Tieinan, Kjeliltthl's Methuls — Ccllulnid — Pirric Acids 
and Hcmlea — Re^nous and Tairy Matters — flulphuric Acid and Ilydni' 
chloric Acid — Oxalic Add — Nitric Acid — Inorganic linpiirilies — 
Gcneial Impurities and Adulleraiions— Potnssiuni I'icrate and Picrale); 
of the Alknloids— Analysis of Glycerine -KesidUB, Silver Test, Nitra- 
linn,T«lal Acid Equivalent, Ntulralily— Frue Falty Adds— CoinlnnnI 
Fatly Acids— I m purities— Oleic Acid, Soilinm Chloride, Ac.— Deler- 
mination of (Ilypcrine — Waste Acids — SikIiuih Nitrnlt — Mercury 
Fiiliiiinale. 
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Kiesel^uhr Djmamite. — The material generally con- 
sists or 75 |K;r cent, nf nitm-glyccrine and 25 |x:r cent, of 
the infusnrial earth kit;sclguhr. The analysis is very 
simple, and may be conducted as follows: — Weigh out 
about 10 grms. of the sub.stancc, and place over calcium 
chloride in a desiccator for some six to eight days, and 
then reweigh. The lo.ss of weight gives the moisture. 
This will generally be very small, probably never more 
than I |)er cent, and usually less. 

Mr James O. Handy, in order to .save time, proposes 
to dry dynamite in the following manner. He places i 
grm. of the material in a porcelain crucible 1 inch in 
diameter, The crucible is then sup[Kirted at the 
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bottom of an extra wide-mouthed bottk- of about Goo c.c, 
capacity. Air, which has been dried by bubbling through 
strong sulphuric acid, is now drawn over the surface of 
the sample for three hours by means of an ordinary 
aspirator. The air should pass approximately at the 
rate of 10 c.c. per second. The tube by which the dry 
air enters the bottle extends to within I inch of the 
crucible containing the dynamite. An empty safely 
bottle is connected with the inlet and another with the 
outlet of the wide-mouthed bottle. The firf.t guards 
against the mechanical carrying over by the air current of 
sulphuric acid from the acid bottle into the sample, whil.st 
the second prevents spasmodic outbursts of water from 
the exhaust from reaching the sample. The method 
also gave satisfactory results with nitro-glycerine. The 
dry sub.stance may now be wrapped in filter paper, the 
whole weighed, and the nitro-glycerine extracted in the 
Soxhiet apparatus with ether. The ether should be 
distilled over at least twenty-four times. 

I have found, however, that much quicker, and quite 
as accurate, results ma>' be obtained by leaving the, 
dynamite in conUicl with ether in a small Erleiimeyer 
flask for twenty-four hours — leaving it overnight is 
betlcr^and decanting, and again allowing the .substance 
to remain in contact with a little fresh ether for an hour, 
and finally filtering through a weighed filter, drj-ing at 
lOO'C, and weighing. This gives the weight of the 
kieselguhr. The nitro-glycerine must be obtained by 
difference, as it is quite useless to evaporate down the 
ethereal solution to obtain it, as it is itself volatile to a 
very considerable extent at the temperature of evapora- 
tion of the ether, and the result, therefore, will always be 
much too low. The dry guhr can, of course, be examined, 
either qualitatively or quantitatively, for other mineral 
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salts, such as carbonate of soda, &c. An actual analysis 
I or dynamite No. i made at H ay I e gave — Moisture, a92 
per cent ; kieself^hr, 26.15 per cent.; and nitro-glycerine, 
72,93 per cent, the last being obtained by difference. 

Gelatine Compounds. — The simplest of these com- 
pounds is, of course, blasting gelatine, as it consists of 

nothing but nitro-cotton and nitro-glycerine, the nitro- 
cellulose being dissolved in the glycerine to form a clear 
jelly, the usual proportions being about 92 per cent of 
nitro-glycerine to S per cent nitro-cotton, but the cotton 
is found as high as 10 per cent in some gelatines. Gela- 
tine dynamite and gelignite are blasting gelatines, with 
varying proportions of wood-pulp and salt|}etre (KNOj) 
mixed with a thin blasting gelatine. The method of 
analysis is as follows : — Weigh out about 10 grms. of the 
substance, previously cut up into small pieces with a 
platinum spatula, and place over calcium chloride in a 
desiccator for some days. Reweigh. The loss equals 
moisture. This is generally very .small. Or Handy's < 
method may be used. The dried sample is then trans- 
ferred to a small thistle-headed funnel which has been 
cut off from its stem, and the ojiening plugged with a 
little g!a.ss wool, and round the top rim of which a piece 
of fine platinum wire has been fastened, in order that it 
may afterwards be easily removed from the Soxhlet tube. 
The weight of this funnel and the glass wool must be 
accurately known. It is then transferred to the Soxhlet 
tube and exhausted with ether, which dissolves out the 
nitro-glycerine. The weighed residue must afterwards 
be treated in a flask with ether-alcoho! to dissolve out 
the nitro-cotton. 

But the more expeditious method, and one quite as 
accurate, is to transfer the dried gelatine to a conical 
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Erienmeycr flask of about 500 c.c. capacity, and add 
250 ex. of a mixture of clher-alcohol (3 ether tu i 
alcohol), and allow to stand overnight Sometimes a 
further addition of ether-alcohol is necessary. It is always 
better to add another 100 c.c, and leave for twenty 
minutes or so after the solution has been filtered off. 
The undissolved portion, which consists of wood-pulp, 
potassium nitrate, and other salts, is filtered off through 
a linen or paper filter, dried and weighed. 

Solution.— The ether-alcohol solution contains the 
nitro-cotton and the nitro-glycerine in .solution." To 
this solution add excess of chloroform (about 100 c.c. 
will be required), when the nitro-cellulose will be pre- 
cipitated in a gelatinous form. This should be filtered off 
through a linen filter, and allowed to drain. It is useless 
to attempt to use a filter pump, as it generally causes it 
to set solid. The precipitated cotton should then be 
redissolved in ether-alcohol, and again precipitated with 
chloroform (20 c.c. of ether-alcohol should be used). 
This ])recaution is absolutely necessary, if the substance 
1ms been treated with ether-alcohol at first instead of 
with ether only, otherwise the results will be much too 
high, owing to the gelatinous precipitate retaining very 
considerable quantities of nitro-glycerine. The precipitate 
is then allowed to drain as completely as jxissible, and 
finally dried in the air bath at 40° C, until it is easily 
detached from the linen filter by the aid of a spatula, 
and is then transferred to a weighed watch-glass, replaced 
in the oven, and dried at 40° C. until constant in weight. 

• If ihe subslance has been treated with ether .ilone in ihe 
Soxhlet, ihc nit roj;lycerini; will of course be clissulved out first, and 
the ether-alcohol eolation will only contain the nitro- cellulose. 
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The weight found, calculated upon the lo grms. taken, 
gives the ixTcentage of nitro-cellulose. 

The Residue left after treating the gelatine with ctht-r- 
alcohol is, in the case of blasting gelatine, very small, and 
will probably consist of nothing but carbonate of soda. It 
should be dried at ioo^ C. and weighed, but in the case of 
either gelignite or gelatine dynamite this residue should 
be transferred lo a beaker and boiled with distilled water, 
and the water decanted some eight or ten times, and the 
residue finally transferred to a tarred filter and washed 
for some time with hot water, The residue left upon the 
filter is wood-pulp. This is dried at lOO' C. until con- 
stant, and weighed. The solution and washings from 
the wood are evaporated down in a platinum dish, and 
dried at lOD'C. It will consist of the potassium nitrate, 
and any other mineral salts, such as carbonate of soda, 
which shfjuld always be tested for by adding a few drops 
of nitric acid and a little water to the residue, and again 
evaporating to dryness and reweighing. From the differ- 
ence in weight the soda can be calculated, sodium nitrate 
having been formed. Thus — 

Na,CO,+2HNO,=2NaNO;, + CO„ + ILO. 
Mol. wt.= io6 =r7o 

(170- 106=54) and r=i^i^ 
64 

where x equals grms, of sodium carbonate in residue, and 
i^ equals the difference in weight of residue before and 
after treatment with nitric acid. 

The nitro-glycerine is best found by difference, but if 
desired the solutions from the precipitation of the nitro- 
cellulose may be eva]xirated down upon the water bath 
at 30° to 40° C, and finally dried over CaCl^ until no 
smell of ether or chloroform can be detected, and the 
nitrij-glycerine weighed. It will, however, always be 
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much too low. An actual analysis of a .sam])!c of 
gelatine dynamite gave the following result : — 



I 



Nitro-cellulose (colJodio 

Nilro-glycDrin 

Wood-pulp ' 

KNO, ■ 

Na-CO, 

Water - 



3.819 per c. 
66.691 „ 
16.260 „ 



This sample was probably intended to contain 30 ]«:r 
cent, of absorbing material to 70 \>er cent, of explo.sive 
substances. Many dynamites contain other substances 
than the above, such as paraffin, resin, sulphur, wood, 
coal-dust, charcoal, also mineral salts, such as carbonate 
of magnesia, chlorate of potash, &c. In these ca.scs the 
above-described methods must of course be considerably 
modified. Paraffin, resin, and most of the sulphur will 
be found in the ether solution if present. The solution 
should be evaporated (and in this case the explosive 
should in the first case be treated with ether only, and 
not cthcr-alcohol), and the residue weighed, and then 
treated on the water bath with a solution of caustic soda. 
The resin goes into sniution, and is separated by deain- 
tation from the residue, and precipitated by hydrochloric 
acid, and collected on a tarred filter (dried at tOo"C.), 
and dried at 100° C. and weighed. The nitro-glycerine 
residue is treated with strong alcohol, decanted, and the 
residue of paraffin and sulphur washed with alcohol 
dried, and weighed. 

To separate the paraffin from the sulphur the residue 
is heated with a solution of ammonium sulphide. After 
cooling the paraffin collects as a crust upon the surface 
of the liquid, and by pricking a small ho!e through it 
with a glass rod the liquid underneath can be poured off, 
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the iwraffin then washed with water, 
weighed. Sulphur is found by diflercnce. [f camphor 
is present, it can be extracted with bisulphide of carbon 
after the material has been treated with ether-alcohol. 
In that case the sulphur, paraffin, and resin will also be 
dissolved. The camphor being easily volatile, can be 
separated by evaporation. Let the weight of the extract, 
freed from ether-alcohoi before treatment with bisulphide 
of carbon, equal A, and the weight of extract after treat- 
ment with CSj and evaporation of the same equal B ; and 
weight of the residue which is left after evaporation of 
the CSj and the camphor in solution equal C, the ]xr- 
centage of camphor will be A— B^C. The residue C 
may contain traces of nitro-glyceriiie, resin, or sulphur. 

Camphor may be separated from nitro-glycerine by 
means of CS^ If the solution of camphor in nitro- 
glycerine be shaken with CSj, the camphor and a little 
of the nitro-giycerinc will dissolve. The bisulphide solu 
tion is decanted, or poured into a separating funnel and 
separated from the nitro-glycerine. The two solutions. 
arc then heated on the water bath to 20° C. and then to 
60° C, and afterwards in a vacuum over CaCI^ until the 
CSj has cva]x)rated from them. The camphor evaporates, 
and leaves the small quantity of nit ro- glycerine which 
had been dissolved with it. The other portion is the 
nitro-glycerine, now free from CS^. The two arc weighed 
and the weights added together, and equals the nitro- 
glycerine present. There is a loss of nitro-glycerine, it 
being partly evaporated along with the CS^. Captain 
Hess has shown that it is equal to about 1.25 per cent, 
This quantity should therefore be added to that found by 
analysis. Morton Liebschutz, in a paper in the Momteui 
Scienlijique for January 1893, very rightly observes that 
the variety of dynamites manufactured is very great, all 




of them having a special composition which, good or bad, 
is sometimes of so complicated a nature that the deter- 
mination of their elements is difficult. 

The determination of nitro-glycerinc in simple dyna- 
mite No, I is easy; but not so when the dynamite 
contains substances soluble in ether, such as sulphur, 
resin, paraffin, and naphthalene. After detailing at 
length the methods he employs, he concludes with the 
observation that the knowledge of the use of acetic acid 
— in which nitro-glycerine dissolves — for the determina- 
tion of nitro-glyccrine may be ser\'iceable. Nitro-benzene 
may be detected, according to J. Marpurgo, in the follow- 
ing manner: — In a porcelain basin are placed two drops 
of liquid phenol, three drops of water, and a fragment of 
potash as large as a i^ea. The mixture is boiled, and the 
aqueous solution to be tested then added. On prolonged 
boiling nitro-benzene produces at the edge of the liquid 
a crimson ring, which on the addition of a solution of 
bleaching powder turns emerald - green. And nitro- 
glycerine in ether solution, by placing a few drops of the 
suspected solution, together with a drop or two of aniline, 
upon a watch-glass. evaporating off thcether.and then add- 
ing a drop of concentrated sulphuric acid to the residue, 
when, if nitro-glycerine is present, the H^SO, will strike a 
crimson colour, due to the action of the aniline sulphate 
upon the nitric acid liberated from the nitro-glycerine. 

Tonite. — The analysis of this explosive is a compara- 
tively easy matter, and can be performed as follows : — 
Weigh out lo grms., or a smaller quantity, and boil with 
water in a beaker, decanting the liquid four or five times, 
and filter. The aqueous solution will contain the nitrate 
of barium, Then put the residue on the filter, and wash 
two or three times with boiling ivatcr. Evaporate the 
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filtrate to dryness in a platinum dish. Dry and weigh. 

This equals the Ba(N03)^ If the sample is tonite No. 3, 

and contains di-nitro-benzol, treat first with ether to dis- 

fsolvc out this substance. Filter into a dish, and evaporate 

IjOff the ether, and weigh the di-nitro-benzol, and after- 

■Wards treat residue with water as before. The residue is 

■dried and weighed, and equals the gun-cotton present. It 

should then be treated with a solution of ether-alcohol in 

a conical flask, allowed to stand some three hours, then 

I filtered through a weighed filter paper, dried at 40° C, and 

I weighed. This will give the gun-cotton, and the differ- 

I ence bet\*-ecn this last weight and the previous one will 

Lgivc the collodion -cotton. A [xirlion of the residue 

■ containing both the gun-cotton and soluble cotton can be 

Itested in the nitrometer, and the nitrogen determined. 

Cordite. — This explosive consists of gun-cotton (with 

I a little collodion-cotton in it as impurity), nitro-glycenne, 

I and vaseline — the proportions being given as 58 per cent. 

I nitro-glycerine. 37 per cent, gun-cotton, and 5 per cent. 

t vaseline. Its analysis is performed by a modification 

fof the method given for gelatines. Five grms. may be 

l-dissolved in ether-alcohol in a conical flask, allowed to 

ft-Stand all night, and then filtered through a linen filter. 

¥The residue is washed with a little ether, pressed, and 

|dried at 40° C, and weighed. It equals the gun-cotton. 

jThc solution contains the nitro-glycerine, soluble cotton, 

and vaseline. The cotton i.s precipitated with chloroform, 

filterc<l off, dried, and weighed. The two ether-alcohol 

solutions are mi.ted, and carefully evaporated down in a 

platinum dish upon the water bath at a low temperature. 

The residue is aftenvards treated with strong So per cent. 

acetic acid, which dissolves out any nitro-glycei Inc left in 

it. The nitro-glycerine is then obtained bj- diFTerence. 
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The Vaseline (Ci^U^). or petroleum jelly, used has 
ih-point of 400° F. It must not contain t 
a2 |>er cent, volatile matter when heated for 12 hours on 
the water bath, and should have a specific gravity nf 
0.87 at 100" F., and a melting point of 86° F. It is 
obtained during the distillation of jx;troleum, and con- 
sists mainly of the portions distilling above 200° C. It 
Ills at about 278° C. 



Acetone (CHj-CO.CH^) has a sjx;cific gravity of 0.8 1 , 
ills at 56.3° C, and will mix with ether-alcohol and water. 
It should be used pure. About 98 per cent, should distil 
off between 56.3" to 56.4° C, and when treated with a 
o. I per cent, solution of jtotassic permanganate it should 
retain its rose "colour for more than two minutas. It 
should not have more than ,005 per cent, of acidity, nor 
contain more than 0.1 per cent, of aldehyde. K. R. 

Squibb gives its specific gravity at ^ as ,808157, at " , 
4 '5 

as 0.79662. and at -^ as .786988. The presence of water 

in a sample of acetone may be detected by Schweitzer 
and Lungwitz's" method, which consists in shaking 
together equal volumes of acetone and petroleum ether 
(boiling-point, 40° to 60* C), when if present a separation 
of the liquid in layers will take place. 

The acclonc used for the manufiicture of cordilc should, on 
distilhiion, nive n distillate of four-fiflhs of its volume at 59° C. 
Tlie acidity is delermincd thus:— 50 c.c. of sample diluied with 
50 c.c. waler, and 3 c.c. phenol-phlhnlein solution (l gnn. to 

N 
1,000 c.c. alcoliol) are tUraied with — NaOH solution (1 c.c. 

= .0006 gmi. acetic acid). 
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Nitro-Cotton. — The first thing upon opening a case 
of wet cotton, or in receiving a sample from the " poacher," 
that requires to be determined is the percentage of water 
that it contains. It is best done by weighing out about 
1,000 grms. uixin a paper tray, which has been previously 
dried in the oven at 100° C. for some time, and become 
constant in weight. Thetrayful of cotton is then placed 
in a water oven, kept at 100° C, and dried as long as it 
loses water. The loss gives the percentage of water. 
It varies from 20 to 30 per cent, as a rule in what is 
known as wet cotton. 

The Solubility Test— The object of this test is to 
ascertain, in the case of gun-cotton, the percentage of 
soluble (pcnta and lower nitrates) cotton that it contains, 
or in the case of soluble cotton, the quantity of gim-cotton. 
The method of procedure is as follows: — Five grms. of 
the sample which has been previously dried at 100" C, 
and afterwards c.vposed to the air for two hours, is trans- 
ferred to a conical flask, and 250 c.c. ether-alcohol added. 
The flask is then corked and allowed to digest, with 
rcjjeated shaking, for two or three hours. The whole is 
then transferred to a linen filter, and when the solution 
has passed through the filter, is washed with a little ether, 
and pressed in a hand-.screw press between folds of filter 
paper. The sample is then returned to the flask, and the 
previous treatment repeated, but it will be sufiicient for 
it to digest for one hour the second time. The filter is then 
^ain pressed first gently by hand, then in the press, and 
afterwards opened up and the ether allowed to evaporate. 
The gun-cotton is then removed from the filter and 
transferred to a watch-glass, and dried in the water oven 
at 100° C. When it is dry it is exposed to the air for 
two hours and weighed. It equals the amount of gun- 
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Cotton and uncoiivcrtcd cotton in the 5 grms. The un- 
converted cotton must be determined in a separate 5 
grms. and deducted. 

The method of determining the soluble cotton nmv 
used in the Government laboratories is as follows :^Fiftj- 
grains of the nitro-cotton are dissolved in 1 50 c.c. of ether- 
alcohol, and allowed to stand, with frequent shakings, in 
a 200 c.c. stoppered measure for six hours ; 75 c.c of the 
clear solution are then drawn off by the aid of a pipette 
and eva[x>rated in a dish on the water bath, and finally 
in the water oven at 120" F. (49" C). until constant in 
weight. The weight found equals the quantity of soluble 
cotton in the 75 cc, which, multiplied by 4, equals the 
|x;rccntage, thus : Suppose that 2.30 grm.s. was the weight 

2.^ X 150 
found, then -rz — =4.0 in 50 = 9.30 per cent. 
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The Unconverted or Non-nitrated Cotton.— I low- 

■er well the cotton has been nitrated, it is almost certain 
to contain a small quantity of non-nitrated or unconverted 
cotton. This can be determined thus :^ Five grms. of the 
sample arc boiled with a saturated .solution of sodium 
sulphide, and then allowed to stand for forty-eight hours, 
and afterwards filtered or decanted, and again boiled 
with fresli solutions of sulphide, and again filtered, 
washed first with dilute HCl and tlien with water, dried, 
and weighed. The residue is the cellulose that was not 
nitrated, plus ash, &c. It should be ignited, and the 
weight of the ash deducted from the previous iveight. 

Alkalinity. — Five grms. of the air-dried and very finely 
divided sample arc taken from the centre of the slabs or 

N 
discs, and digested with about 20 c.c, of - hydrochloric 
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cid, and diluted with water to about 250 cc, and shaken 
for about fifteen minutes. The liquid is then decanted, 
and washed with water until the washings no longer give 
an acid reaction. The solution, together with the wash- 

N 
ings, are titrated with — sodium carbuiiatc, using litmus as 

4 
indicator. 

Ash and Inorganic Matter. — This is best deter- 

lined by mixing 2 or 3 grms. of the nitro-cutton in 
a platinum crucible with shavings of paraffin, heating 
sufficiently to melt the paraffin, and then allowing the 
contents of the crucible to catch fire and burn away 
quietly. The temperature is then raised, and the carbon- 
aceous residue incinerated, cooled, weighed, &c., and the 
percentage of ash calculated. Schjerning proceeds in 
the following way:— He takes 5 grms. of the nitro- 
cotton in a large platinum crucible, he then moistens it 
with a mixture of alcohol and ether, in which paraffin 
has been dissolved to saturation, and filtered and mixed 
with one-fourth of its volume of water. Some fragments 
of solid [)araffin are then added, and the ether set on fire. 
Whilst this is in prioress the crucible is kept in an oblique 
position, and is rotated so that the gun-cotton may absorb 
-the paraffin uniformly. The partially charred residue Is 
now rubbed down with a rounded gta.ss rod, and the 
crucible is covered and heated for from fifteen to twenty 
minutes over the blow-pipe, the lid being occasionally 
removed. The residue is soon converted into ash, which 
is weighed, and then washed out into a porcelain basin 
and treated with hydrochloric acid heated to 90° C. The 
oxide of iron, alumina, lime, and magnesia arc thus dis- 
solved, and the silica remains as insoluble residue. The 
rest of the analysis is conducted according to the well- 
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known mclhods of separation. The percentage of ash 
as a whole is generally all that is required. 

Detennination of Nitrogen by Lunge Nitrometer. 
— The determination of the percentage of nitrogen in a 
sample of gun-cotton or collodion is perhaps of more 
value, and affords a better idea of its purity and com- 
po.sition, than any of the foregoing methods of exami- 
nation, and taken in conjunction with the solubility te.st, 
it will generally give the analyst a very fair idea of the 
composition of his sample. If we regard gun-cotton as 
the hexa-nitro-cellulose.the theoretical amount of nitrogen 
required for the formula is 14.14 per cent., and in the 
same way for collodion-cotton, which consists of the 
tower nitrate.s, chiefly, however, of the penta-nitrate, the 
theoretical nitrogen is 12,75 pc cent, .so that if in a 
sample of nitro-cotton the nitrogen falls much lower than 
14 per cent., it probably contains considerable quantities 
of the lower nitrates, and jjerhaps some non-nitrated 
cellulose as well (CnH,nOJ]i, which of course would also 
lower the percentage of nitrogen. 

The most expeditious method of determining the 
nitrogen in these nitro bodies is by the use of LungC-'s 
nitrometer (Fig. 30). and the best way of working the 
process is as follows:— Weigh out with the greatest care 
0.6 grm.'!. of the previously dried substance in a small 
weighing bottle of about 15 c.c. capacity, and carefully 
add 10 C.C. of concentrated sulphuric acid from a pipette, 
and allow to stand until all the cotton is dissolved. The 
nitrometer should be of a capacity 1 50 to 200 c.c, and 
should contain a bulb of 100 c.c. capacity at the top, and 
should be fitted with a Greiner and Friedcrich's three- 
way tap. When the nitro-cotton has entirely dissolved 
to a clear solution, raise the pressure tube of the nitro- 
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(betcr, so as to bring the mercury in the measuring tube 
dose up to the tap. Open the tap in order to allow of 
the escajje of any air bubbles, and clean the surface of 
the mercury and the inside of the cup with a small piece 
^^Vof filter paper. Now cln.se the tap, and pour the solution 

I^^^Of the nitro-cotton into the cup. Rinse out the bottle 
with 15 c.c. of sulphuric acid, contained in a pipette, 
pouriny a little of the acid over the stopper of the weigh- 
ing bottle in case some of the solution may be on it. 
Now lower the pressure tube a little, just enough to 
cause the solution to flow into the bulb of the measuring 




^ 
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tube, when the tap is sliyhtly opened. When the soiutiun 
has run in almost to the end, turn off the tap, wash down 
the sides of the bottle, and add to the cup of the nitro- 
meter; allow it to flow in as before, and then wash down 
the sides of the cup with lo c.c of sulphuric acid, adding 
Jittic by little, and allowing each portion added to flow 
into the bulb of the nitrometer before adding the next 
portion. Great care is necessary to prevent air bubbles 
obtaining admission, and if the pressure tube is lowered 
too far, the acid will run with a rush and carry air along 
with it. 

The solution being all in the measuring tube, the 
pressure tube is a^^in slightly raised, and the tube con- 
taining the nitro-cotton solution shaken for ten minutes 
with considerable violence. It is then replaced in the 
clamp, and the pressure relieved by lowering the pressure 
tube, and the whole apparatus alloweti to stand for 
twenty minutes, in order lo allow the gas evolved to 
assume the tcm{»erature of the room. A thermometer 
should be hung up close to the bulb of the measuring 
lube. At the end of the twenty minutes, the levels of 
tile mercury in the pre.ssure and measuring tubes are 
equalised, allowing about 3 inches of the sulphuric 
acid to I inch of mercury, and the final adjustment 
obtained by slightly opening the tap on the measuring 
tube (very slightly), after first adding a little sulphuric 
acid to the cup, and observing whether the acid runs in 
or moves up. This must be done with very great care. 
When accurately adjusted, it should move neither way. 
Now read off the volume of the NO gas in cubic centi- 
metres from the measuring tube. Read also the ther- 
mometer susix;nded near the bulb, and lake the height 
of the barometer in millimetres. The calculation is very 
simple. 
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Example— CoLLODioM -Co iTON. 

0.6* grm. taken. Reading on measuring lube = 1 146 c.c. NO. 

Barometer=7so mm. Temperature = 15' C. 

Since t cc. NO = 0.6272 miMigrammc N. and correcting 
for temperature and pressure by the formula 

760 "{1 tf/'Xr/^ .003665), fur temperature 15° =8o[.78,t 
then 

114.6X ioox750x.fi272 

~^ 801.7 X. 6 =ri.2lpercenl.nitmi;en. 

The nitrf^en in nitto-glycerine may of course be 
determined by the nitrometer, but in this case it is bettor 
to take a much .smaller quantityof the substance. From 
0.1 to 0.2 grm. is quite sufficient. This will fjive from 
30 to 60 c.c. of gas, and therefore a measuring tube 
withrHit a 100 c.c. bulb must be used. 

EXAMI'I.K, 
0.1048 gnns. nitroglycerine taken yave 32.5 c.c. NO. 
Barometer, 761 mm. Temperature, 15' C, 
l"hercfore, 

'-^^^S^r^' -*■••"■■ ""•■''••'''"■■^-'^■'°'"™ 

Profe.ssor Lungii has devised another form nf nitro- 
meter (Fig. 31), very useful in the nitrogen determina- 
tion in explosives. It consists of a measuring tube, 
which is widened out in the middle to a bulb, and is 
graduated above and below into /j c.c. The capacity of 
the whole apparatus is 130 c.c. ; that of each jjortion of 
the tube being 30 c.c, and of the bulb 70 c.c. The Lip}x;r 
portion of the graduated tube serves to measure smalt 
volumes of gas, whilst larger volumes are read off on 
ihc lower part. 



1 



* 0.5 grm. is enough in Ihc case of gun-coiion, 
+ Sec Table, page 229. 
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F. M. Horn {ZtiUchrift fiir angeivandte ( 

I J 892, p. 358) has devised a form of nitrometer (Fig. 32) 

■which he has found especially useful in the examination 

rf smiikeless powders. The tap II is provided with a 

wide bore through which a weighed quantity of the 

powder is drop()ed bodily into the bulb K. From 4 to 

5 C.C of sulphuric acid which has been heated to 30' C. 

arc then added through the funnel T, the tap H being 

^;^ immediately closed. When the 

t 5?J powder has dissolved — a process 

' ' which may be hastened by 

warming the bulb very carefully 

— the thick solution is drawn into 

the nitrometer tube N, and the 

bulb rinsed several times with 

fresh acid, after which operation 

the analysis is proceeded with in 

the usual waj-. 

Dr Lunge's method of using 
a separate nitrometer in which 
to measure the NO gas evolved 
to the one in which the reaction 
has taken place, the gas being 
\ J transferred from the one to the 

^ ^ other by joining them by means 

SoMB N.W Foiiiws DF of" indiarubber tubing, and then 

NiTKniiKTKii. driving the gas over by raising 

the pressure tube of the one containing the gas, the taps 
being open, I have found to be a great improvement. 
I r.c. NO u-is lit o=:inii 7('io mm. 
Equals 0.6273 milli^i-ammes [N) nitrogen. 




(HNOi,) nitric acid. 
(NaNOj) sodium nitrate 
(KNO,)poUssiuni nitrate. 
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^k Champion and Pellet's Method. —This method U 
now very little used. It is based upnn the fact that 
when nitro-cellulo.se is boiled with ferrous chloride and 
hydrochloric acid, all the nitrc^en is di.'iengaged as nitric 
oxide (NO). It is performed as follows:— A vacuum is 
made in a flask, fitted with a funnel tube, with a glass 
Blnpper on the tube ; a delivery tube that can also be 
closed, and which dips under a solution of caustic soda 
contained in a trough, and the end placed under a 
graduated tube, also full of caustic soda. From 0.12 to 
o.i6 grm, cotton dissolved in S to 6 c.c. of sulphuric 
acid is allowed to flow into the flask, which contains the 
ferrous chloride and hydrochloric acid, and in which a 
vacuum has been formed by boiling, and then closing 
the taps. The solution is then heated, the taps on the 
delivery tube opened, and the end placed under the col- 
lecting tube, and the NO evolved collected. The NO 
gas is not evolved until the solution has become some- 
what concentrated. Kder substituted a solution of ferrous 
sulphate in HCl for ferrous chloride. Care must be taken 
that the flask used is strong enough to stand the pressure, 
or it will burst 

The same chemists (C~wh//. Rendus, Ixxxiii. 707) al.so 
devised the following method for determining the NO^ 
in nitro-glycerine; — A known quantity of a .solution of 
ferrous sulphate of previously a.scertained reducing power 
is placed in a flask, acidified with hydrochloric acid, and 
its surface covered with a layer of [Ktroleum oil. About 
.5 grm. of the nitro-glycerine is then introduced, and the 
flask heated on the water bath. When the sample is 
completely decomposed, the liquid is heated to boiling 
to remove nitric oxide, and the excess of ferrous sulphate 
a.scertained by titration with standard permanganate ; 56 
of iron (Fc) oxidi.sed by the sample correspond to 23 of 
NOj in the -sample of nitro-glycerine. 
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The Schultze-Tieman Method for tletcrmining uitro- 
l^n in nitro-ex plosives, csj)ecially nitro-cellulose and 
I nitroglycerine. — The figure (No. 33) shows the general 
[ arrangement of the apparatus. 1 am indebted for the 
' following description of the method <if working it to my 
I friend, Mr William Hate,_of Hayle. To fill the apparatus 
with the soda solution, the gas burette is put on the india- 
rubber stopper of basin \v, and firmly clamped down. 
Then the taps A and C are opened, and H closed. When 
the burette is filled with soda solution half-way up the 
funnel Y,A and c are closed, and H opened. The arrows 
show the inlet and outlet for the cooling water that is 
kept running through the water jacket round the nitro- 
meter tube. To collect the gas, raise the nitrometer off 
the rubber stopper, and place the gas tube from the 
decom|K}sition apparatus in the glass dish w and under 
I the opening of the nitrometer. 

I P'or the estimation of nitrc^en in nitro-cellulose take 

.5 to .65 gnu., and place in the decomposition flask /(Fig. 
331^), washing in with about 25 c.c. of water by alternately 
opening clips n and E. The air in the flask is driven out 
by boiling, whilst the air is shut off by the tube (dipping 
into the basin w, which is filled with the soda lye, and 
tube K is placed in the test tube R, which contains a few 
c.c. of water. As soon as all the air is completely driven 
out, clips U and E are closed, and the gas jet is taken 
away. (This flask miistbca strong one, or it will burst.) 
Into test tube K, 25 c.c, of concentrated solution of proto- 
chloride of iron and 10 to 15 c.c. concentrated hydro- 
chloric acid arc poured, which are sucked up into the 
developing flask / by oix^ning clipE.air being carefully 
kept from entering. The clip E is now closed, and tube 
s put underneath the burette, and the development of 
NO gas is commenced by heating the contents of the 
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When the pressure of the gas in the flask has 
c greater than the pressure of the atmosphere, the 
I tube bc};iiis to swell at /, whereupon clip D is 
opened, and the boiling continued with frequent shaking 
I of the bulb, until no more nitrous gas bubbles rise 

up into the soda \ye. the distilling over of the HCl 
j causes a crackling noise, the clip D is closed, and K 

opened. The burette is again put hermetically on the 
I indiarubbcr stopper in basin w, and the apparatus is left 

^^H to cool until the water discharged through P shows the 
^^^■mme temperature as the water flowing through (into the 







cooling jacket) Z. If the level of the soda solution in 
the tube \ is now put on exactly the same level as that 
in the burette by lowering or elevating the tube X as 
required, the volume of NO obtained in c.c can be 
read off within ,o cc, and the percentage of nitrogen 
Jculatcd by the usual formula. 
The solution of protochloride of iron is obtained by 
dLisolving iron nails, &c., in concentrated HCI, the iron 
being in excess. When the development of hydrogen 
Ceases, it is necessary to filter warm through a paper 
filter, and acidify filtrate with a few drops of HCI. The 
solution used has a sp. gr, of 1.210 to 1.260: equals 
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25" to 30' B. The 11 itro- cellulose is dried in quLinlilit;s 
of 2 grm.s. at 70° C. during eight to ten hours, and then 
three hours in an exiccator over H.SO,. The results 
obtained with this apparatus are very accurate. The 
reaction is founded ujxjn that of MM. Chamjiion and 
Pellet's method. 

The Kjeldahl Method of Determining Nitrogen,— 
This method, which has been so largely used by analysts 
for the determination of nitrogen in organic bodies, more 
especially perhaps in manures, was proposed by J. Kjel- 
dahl,* of the Carlsbcrg Laboratory of Copenhagen. It 
was aftenvards modified by Jodlbauer, of Munich, t and 
applied to the analysis of nitro-ex plosives by M. Chenel, 
of the Laboratoire Centrale des Poudres, whose method 
of procedure is as follows : — 0.5 grm. of the finely 
powdered substance is digested in the cold with a solu- 
tion of 1.2 grm. of phenol and 0.4 grm. phosphoric anhy- 
dride in 30 c.c. of sulphuric acid. The mixture i-s kept 
well shaken until the solution is complete. From 3 to 4 
grms. of zinc-dust is then cautiously and gradually added, 
the temperature of the mas.s being kept down until com- 
plete reduction has been effected. Finally, 0.7 grm. of 
mercury is added, and the process continued in the usual 
way, according to Kjeldahl ; that is, the liquid is distilled 
until all the ammonia has passed over, and is absorbed 
in the standard acid. The distillate is then titrated with 
standard ammonia. 

The NOj group is at the moment of solution Jixed 
upon the phenol with the production of mono-nitro- 
phcnol. which is afterwards reduced by the action of the 
zinc-dust into the amido derivative. During the subse- 

• J. Kjelilahl, Zeitsckrift Anal. Chem., 1883, xxil., p. 366. 
t Jodlbauer. Chanisfhcs CenlralbMt, 1886, pp. 434-484. See 
it\K> Arms ami Explosives^ 1893, p. 87. 
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squeiit combustion, the nitrogen of the amido- phenol 
becomes fixed in the state of ammonia. M. Chenel is 
perfectly satisfied with the results obtained, but he points 
out that the success of the operation depends upon the 
complete conversion of the phenol into the mono-nitro 
derivatives. This takes place whenever the organic com- 
)X(und fttrms a clear solution in the cold sulphuric acid 
mixture. Substances like collodion or gun-cotton must 
be very finely divided for successful treatment. The 
following table shows some of the results obtained by M. 
^encl : — 



I 



— - 


Tui.lNiin«.n. 1 


CalcuUlcd. 


Pound. 


Siiltpetrc(KNOa) 

Aiiiiiioiiiiim nitrale 

I!ariiim niliatc . . . . 

Nitro-glycurol . - - . 
Di-nitro-benjol* - - - - 

Para -nitro- phenol 

Picric acid* 

Ammonium picrale 

ni-ni[ro-onho-cres«l - 

Tri-nilro-mela-cresol - 


13.86 

3S.OO 

16.67 

10.07 
18.34 

22.76 

14.14 

17.28 


ill 

I3!g6 
35.31 
34-9° 
34.96 
10.67 
10.62 
18.45 
16.78 
r6.S7 
10.03 
18.41 
'8.43 
22.63 
21.67 
1410 
13-98 
r7-S7 
17.27 



When Chenel endeavoured to apply Jodlbaucr's modi- 
* Dr Bernard Dyer obtained 18.39 P^r ccni. for picric acid and 
.54 per eeni. for rfi-niiro-beniol.— /oKr. Chein. Soc., Aug. 1895, 




KJHLDAIIL AND CHENELS METHuD. 



fication of Kjeldalil's process to tlic examination of iht; 
tri- and tetra-nitratcd naphthalenes, he found that goixl 
results were not obtainable, because these compounds do 
not dissolve completely in the cold sulphuric acid. It 
m^y, however, be used if they are previously converted 
into the naph thy la mines, according to the plan pro(x>sed 
by D'Ajjuiar and Lautemann (/?«//. Soc. Chim., vol. iii., 
new scries, p. 256). This is rapidly effected as follows: 
— Twelve grms. of iodine are gradually added to a solu- 
tion of 2 yrms. of phosphorus in about 15 or 20 c.c, of 
bisulphide of carbon, this solution being contained in a 
flask of 350 c.c. capacity. The flask and its contents are 
heated on the water bath at 100° C. with constant atten- 
tion, until the last traces of the carbon bisulphide have 
distilled away. It is then cooled, and the iodide of 
phosphorus is detached from the sides of the flask by 
.sh.iking, but not expelled. The next step is to add 
about 0.5 to 0.6 grm. of the substance that is to be 
analysed, after which 8 grms. of water are introduced, 
and the flask is agitated gently two or three times. As 
soon as the reaction becomes lively, the contents of the 
flask are well shaken. It is usually finished about one 
minute after the addition of the water, The flask is 
now cooled, and 25 c.c, of sulphuric acid, together with 
0,7 grm. of mercury, are gradually added ; hydriodic acid 
(HI) forms, and the temperature of the flask must be 
rai.sed sufficiently to expel it. The remaining part of 
the operation is as in the ordinarj- Kjcldahl process. 

M. Chenel has found this process the best for the 
analysis of the nitro- naphthalenes, and For impervious 
.substances like collodion or gim-cotton. Personally, 1 
sliould think that the process possesses very little, if any, 
advantage over the nitrometer method, at any rate for 
the analysis of gun-cotton. 
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Tiible yiving the Percentages of Nitrogen and Oxide 
of Nitrogen in Various Substances used in or as 
Explosi^'es : — 

Sahb. WowMuur. Nitmucen NOi 



N ilro-glyccrine 


C,H.(ONO,)i, - 


■ 18,50 = 6a7o 


Hexa-nitro-cellulose 


C,,H,.0.(ONO,),. 


. 14.14 = 46.41 


Tenia- n i tro-ccll u lose 


C.H,0,(ONO,). . 


- II.M =36.50 


Nitro-bcnzenc- 


C.H.NO, - 


• 11.38 = 37.39 


I)i-nitro-benzcne - 


C.H.{NO,),. . 


- 16.67 = 54-77 


Tri-nilro-beniene - 


C.H.(NO.J.- - 


- 19,34 = 63.22 


Nitro-toluene - 


C,H,NO, - 


- I0.2I = 3J.49 


Nitro-naphth.-ilcne - 


C„H,NO, . 


- 8.09 = 26.53 


Ui-nitro- naphthalene 


C,„H^NO,), 


- 11.84 = 42-ia 


Nitro-manniic 


CH^NOJ. . - 


- 23-59 ° 77.37 


Nitro-Btarch - 


C»H,0/HNO.) - 


6.76 = 23.18 


Picric acid (Tri-nitro- 






phenol) - 


C,H,OH(NO,), - 


- 18.34 = 6a(5 


Chloro-nUro-benienc 


CH.CHNO,), - 


13-82 = 45-43 




NHjNO, - 


- 35-00 = 


Sodium nitralc 


NaNO, - 


- 16.47 = 


Potassium nitrate - 


KNO, 


- 13-86 = 


Nitric acid - 


HNO, 




Barium nilrnte 


Ila(NO,), - - 


- 10.7a = 



Analysis of Celluloid. — The finely divided celluloid 
is well stirred, by means of a platinum wire, with con- 
centrated sulphuric acid in the cup of a Lunge nitrometer, 
and when dissolved the nitrogen determined in the 
solution in the usual way. To prevent interference from 
camphor, the following treatment is suggested by H. 
Zaunschirm {Ckem. Zeit., xiv. 905). Dissolve a weighed 
quantity of the celluloid in a mixture of ether-alcohol, 
mix with a weighed quantity of washed and ignited 1 
asbestos, or pumice-stone, dry, and disintegrate the mass, 
and afterwards extract the camphor with chloroform, dry, 
and weigh : then extract with absolute methyl-alcohol, 
evaporate, weigh, and examine the nitro-cellulose in the 
nitrometer. 
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^P Picric Acid and Picrates. — Picric acid is sulublu in 
hot water, and to the extent of i part in loo in culd 
water, also in ether, chioroform, glycerine, lo per cent, 
soda solution, alcohol, amylic alcohol, carbon bisulphide, 
benzene, and petroleum. If a solution of picric acid be 
boiled with a strong solution of potassium cyanide, a 
deep red liquid is produced, owing to the formation of 
potassium iso-purpurate, which crystallises in small 
reddish-brown plates with a beetle-green lustre. This, 
by reaction with ammonium chloride, gives ammonium 
iso-purpurate (NHjCgHjNjOo), or artificial murexide, 
which dyes silk and wool a beautiful red colour. On 
adding barium chloride to either of the above salts, a 
vermilion-red precipitate is formed, consisting of barium 
iso-purpurate. With ammonio-sulphate of copper, solu- 
tions of picric acid give a bright green precipitate. Mr 
A. H. Allen gives the following methods for the assay of 
commercial picric acid, in his "Commercial Organic 
Analysis " : — 

Resinous and Tarry matters are not unfrequently 
present. They are left insoluble on dissolving the sample 
in boiling water. The separation is more perfect if the 
hot solution be exactly neutralised by caustic soda. 

Sulphuric Acid, Hydrochloric Acid, and Oxalic 
Acid, and their salts are detected by adding to the 
filtered aqueous solution of the sample solutions of the 
picrates of barium, silver, and calcium. These salts are 
readily made by boiling picric acid with the carbonates 
of the resijective metals and filtering : other .soluble salts 
of these metals may be substituted for the picrates, but 
they are less satisfactory. 

Nitric Acid may be detected by the red fumes evolved 
on warming the sample with copper turnings. 
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Iiiorg:anic Impurities, and Picrates of Potash and 
Sodium, &c„ Ilmvl- lesidut's on cautious ignition. 

General Impurities and Adulterations may be 
detected and detcrmiiieci by shiiking i fjrm. of the sample 
of add in a graduated tube with 35 c.c. of ether, the pure 
acid dissolves, while any oxalic acid, nitrates, picrates, 
boric acid, alum, sugar. &c^ will be left insoluble, and 
after removal of tlic ethereal liquid, may be readily 
identified and determined. For the detection and deter- 
mination of water and of oxalic acid, 50 c.c. of warm 
benzene may be advantageously substituted for ether. 
Sugar may be separated from the other impurities by 
treating the residue insoluble in ether or benzene with 
rectified spirit, in which sugar and boric acid alone will 
dissolve. If boric acid be present, the alcoholic solution 
will bum with a green flame. Mono, and di-nitrophenic 
acids lower the melting point (1 22'' C.) Their calcium salts 
are less soluble than the picrate, and may be approxi- 
mately separated from it by fractional crystallisation, or 
by precipitating the hot saturated solution of the sample 
with excess of lime water. I'icric acid may be determined 
by extracting the acidulated aqueous solution by agitation 
with ether or benzene, and subsequently removing and 
evaporating off the solvent. It may also be precipitated 
as the jxitassium salt. 

Potassium Picrate [KC^H^CNOj),©]. When a 
strong solution of picric acid is neutralised by carbonate 
of ptilash, this salt is thrown down in yellow crystalline 
nee<lles, which require 260 parts of cold or 14 parts of 

hot water for their sokition. In alcohol it is much less 
soluble. 

_ Ammonium Picrate is more soluble in water than 
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the above, ami sodium picrate is readily soluble in water, 
but nearly insoluble in solution of sodium carbonate. 

Picrates of the Alkaloids. — Picric acid forms in- 
soluble salts with many of the alkaloids, and picric acid 
may be determined in the following manner: — To the 
solution of picric acid, or a picrate, add a solution of 
sulphate of cinchonine acidulated with HgS04. The pre- 
cipitated picrate of cinchonine [Cj„HyNjO(C„HjN30^)J 
is washed with cold water, rinsed off the filter into a 
porcelain crucible or dish, the water evap<irated on the 
water bath, and the residual salt weighed. Its weight, 
multiplied by .6123, ^-ives the quantity of picric acid in 
the sample taken. 

Analysis of Glycerine. — Glycerine that is to be used 

for the manufacture of nitro-fjiycerine should have a 
minimum sjtecific gravity of 1. 261 at is°C, This can be 
determined, either by the aid of a Sartorius specific 
gravity balance, or by usinfj an ordinary specific gravity 
l«;)ttlc. One of 10 or 25 c.c. capacity is very convenient. 

Residue left upon evaporation should not be more 
than 0.25 per cent. To determine this, take 25 grms. of 
the glycerine, and evaporate it at a tcmi^erature of 160° C. 
in a platinum basin, and finish in an air bath. Weigh 
until constant weight is obtained. Afterwards incinerate 
over a hunscn burner, and weigh the ash. 

Silver Test. — A portion of the samjile of glycerine to 

be tested should be put in a small weighing b<iltie, and a 

N - . 

quarter of its bulk of — silver nitrate solution added to 

it, then shake it, and place in a dark cupboard for fifteen 
minutes. It must be pronounced bad if it becomes black 
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dark brown ivUhin thai time facrulei 

ityric acids). 



Nitration. — Fifty grms. of the glycerine are poured 
from a beaker into a mixture of concentrated nitric acid 
(specific gravity 1.53) and sulphuric acid (1.84), mixed 
in the proportions of 3 UNO, to 5 HgSO, (about 
400 c.c. of mixed acids). The mixed acids should be 
put into a rather large beaker, and held in the right hand 
in a basin of water, and the glycerine slowly poured into 
them from a smaller one held in the left. A constant 
rotatoiy motion should be given to the beaker in which 
the nitration is performed. When all the glycerine has 
been added, and the mixture has been shaken for a few 
minutes longer, it is poured into a separator, and allowed 
to stand for some time. It should, if the glycerine is a 
good one, have separated from the mixed acids in ten 
minutes, and the line of demarcation between the nitro- 
glycerine and the acid should be clear and sharp, neither 
should there be any white flocculent matter suspended 
in the liquid. The excess of acids are now drawn off, 
and the nitro-fjlycerine shaken once or twice with a warm 
solution of carbonate of soda, and afterwards with water 
alone. The nitro-glycerine is then drawn off into a 
weigheti beaker, the surface dried with a piece of filter 
paper, and weigheti; 100 parts of a good glycerine should 
yield about 230 of nitro-glycerine. A quicker method is 
to take only 10 c.c, of the glycerine, of which the specific 
gravity is already known, nitrate as before, ami pour into 
a burette, read off the volume of nitro-glycerine in c.c. 
and multiply them by 1.6 (the specific gravity of nitro- 
glycerine), thus : 10 grms, gave 14.5 c.c. nitro-glycerine, 
and 14.5 X 1.6 = 23,3 grms., therefore Too would give 232 
grms. nitroglycerine. The (X)ints to be noted in the 



NITRATION, FATTV ACIDS, NEUTRALITY, ETC. 223 

nitration of a sample of glycerine are : the separation 
should be sharp, and within half an hour or less, and 
there should be no white flocculcnt matter formed, 
especially when the carbonate of soda solution is added. 

■ Total Acid Equivalent— Mr G. E. Barton {>«r. 

Rjw^r. Chem. Soc., 1895) propo.ses to determine thus: 
100 c.c. of glycerine are diluted to 300 c,c, in a beaker, a 
few drops of a i per cent, solution of phenolphthaiein 
and 10 c.c. of normal caustic soda .solution are added ; 
after boiling, the liquid is titrated with normal hydro- 
chloric acid (fatty acids are thus indicated and roughly 
determined), 

Neutrality. — The same chemist determines the 
neutrality of glycerine thus : 50 c.c. of glycerine 
mixed with 100 c,c. of water and a few drops of alcoholic 
phenolphthaiein are titrated with hydrochloric acid or 
sodium hydroxide; not more than 0.3 c.c. normal hydro- 
chloric acid or normal soda solution should be required 
to render the sample neutral. 

Determination of Free Fatty Acids. — A weighed 
quantity of the glycerine is shaken up with some neutral 
ether in a separating funnel, the glycerine allowed to 
settle, drawn off, and the ether wa.shed with three separate 
tots of water. The water must have been recently boiled, 
and be quite free from CO^. All the free fatty acid is 
now in the ether, and no other soluble acid. A drop of 
phenolphthaiein is now added, a little water, and the 
acidity determined by titration with dcci-normal baryta 
solution, and the baryta solution taken calculated as 
oleic acid. 

Combined Fatty Acid,^About 30 grms. of the 



NITk'l-KXi'UiSIVES, 

glycerine an; jilacuJ in a flask, and to it is added about 
half a grm. of caustic scxla in solution. The mixture is 
heated for ten minutes at i5o''C. After cooling some 
pure ether is added to it. and enough dilute H^SO, to 
render it distinctly acid. It is well shaken. All the fatty 
acids Eo '"to the ether. The aqueous solution is then 
removed, and the ether well washed to remove all H^SO,. 
After the addition of phenol phthalein the acid is titrated, 
and the amount used calculated into oleic acid. From 
this total amount of fatty ucids the free fatty acid is 
deducted, and the quantity of combined fatty acids 
thus obtained. 

Impurities. — The following impurities maybe found 
in b;i(l ^.tmplcs of glycerine ; — Lead, arsenic, Hme, chlo- 
rine, sulphuric acid, thio-sulphates, sulphides, cyanogen 
comjmunds, organic acids (especially oleic acid and fatty 
acids), rosin products, and other organic bodies. It is 
also adulterated with sugar and glucose dextrine. Traces 
of sulphuric acid and arsenic may be allowed, also very 
small traces indeed of lime and chlorine. 

The oi^anic acids, formic and butyric acids may be 
detected by heating a sample of the glycerine in a test 
tube with alcohol and .sulphuric acid, when, if present, 
compound ethers, such as ethylic formate and butyratc, 
the former smelling like peaches and the latter of pine 
apple, will be formed. 

Oleic Acid, if present in large quantity, will come 
down upon diluting the sample with water, but smaller 
quantities may be detected by passing a current of 
nitrogen |>croxidc, N^O^ (obtained by heating lead 
nitrate), through the diluted sample, when a white 
flocculcnt precipitate of elaidic acid, which is less soluble 
than oleic acid, will be thrown down, 
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Sodium Chloride can be determined in 100 c.c. of 
the glycerine by adding a little water, neutralised with 
sodium carbonate, and then titrated with a deci-normal 
soKition of silver nitrate, using potassium chromate as 
indicator. 

The Determination of Glycerine. — The acetin 
method of Benedict and Canton depends upon the con- 
version of glycerine into triacetin, and the saponification 
of the latter, and reduces the estimation of glycerine to 

an acidimetric method. About 1.5 grms. of crude 
glycerine are heated to boiling with 7 grms. of acetic 
anhydride, and 3 to 4 grms. of anhydrous sodium acetate, 
under an upright condenser for one and a half hours. 
After cooling, 50 c.c. of water are added, and the mixture 
heated until all the triacetin has dissolved. The liquid 
is then filtered into a large flask, the residue on the filter is 
well washed with water, the filtrate quite cooled, phenol- 
phthalein is added, and the fluid exactly neutralised with 
a dilute (2 to 3 per cent.) solution of alkali. Twenty-five 
c.c. of a 10 per cent, caustic soda solution, which must be 
accurately standardised upon normal acid, are then 
pipetted into the liquid, which is heated to boiling for 
ten minutes to saponify the triacetin, and the excess of 
alkali is then titrated back with normal acid. One c.c. of 
normal acid corresponds to .03067 grms, of glycerine. 

Precautions. — The heating must be done with a 
reflux condenser, the triacetin being somewhat volatile. 
The sodium acetate used must be quite anhydrous, or 
til e conversion of the glycerine to triacetyl is imperfect. 
Triacetin in contact with water gradually decomposes. 
After acetylation is complete, therefore, the operations 
must be conducted as rapidly as possible. It is necessary 
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s neutralise the free acetic acid very cautiously, anti with 
^id agitation, so that the alkali may not be locally in 



The Lead Oxide Method.— Two grms. of sample are 
mixed with about 40 grms. of pure litharge, and heated in 
Bn air bath to 130' C. until the weight becomes constant, 
care being taken that the litharge is free from such lead 
compounds and other substances as might injuriously 
affect the results, and that the heating of the mixture 
lakes place in an air bath free from carbonic acid. The 
increase in weight of the litharge, minus the weight of 
substance not volatilisable from 2 grms. of glycerine at ' 
160° C, multiplied by tJie factor 1.243, 's taken as the 
weight of glycerine in the 2 grms. of sample. The 
glycerine must be fairly pure, and free from resinous sub- 
stances and SOj, to give good results by this process. 

Analysis of the " Waste Acids " from the Manu- 
facture of Nitro- Glycerine or Gun-Cotton. — Determine 
the specific gravity by the specific gravity bottle or 
hydrometer, and the oxides of nitrogen by the perman- 
ganate method described under nitroglycerine. Now 
determine the total acidity of the mixture by means of a 
tenth normal solution of sodium hydrate, and calculate it 
as nitric acid (HNO3), then determine the nitric acid by 
means of LungiS nitrometer, and subtract percentage 
found from total acidity, and calculate the difference into 
sulphuric acid, thus ; — Total acidity equals 97.46 per 
cent. — 11,07 per cent. HNO^ = 86.39 pci" cent., tlien 
■ 6y.20 per cent. H^SO^. Then analysis of 



sulphuric a 

»cent. — 1 1,0 
86.39x49 . 
63 ■ 
Sample will 
Sulphuri( 
Nitric ac 
Water 



Sample will be: — 

Sulphuric acitl=67.2o per c 



[■Specific gravilv= 1.7075. 
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This method is accurate enough forgeneralusein the nitric 
acid factory. The acid mixture may be taken by volume 
for determining nitric oxide in nitrometer. Two c.c, is 
a convenient quantity in the above case, then 2 X 1.7075 
(specific gravity) = 3.414 gnns. taken, gave 145 c.c. NO 
(barometer = 748 mm. and temperature = 15' C.) equals 
134.9 c.c. (corr.), and as i c.c. NO = .0282 grm. HNOj 
135 X 0282 = .378 grm.= 11.07 F*'' ^^"^- "itric aid. 

Sodium Nitrate. — Determine moisture and chlorine 
by the usual methotis, and the total, NaNOg, by means 
of nitrometer — 0.45 grm. is a very convenient quantity 
to work on (gives about 123 cc. gas) ; grind very fine, 
and dissolve in a very little hot water in the cup of the 
nitrometer; use about 15 c.c. concentrated H.SO^. One 
cubic cent, of NO equals .003805 grms. of NaNO^. The 
insoluble matter, both organic and inoi^anic, should also 
be determined, also sulphate of soda and lime tested for. 

Analysis of Mercury Fulminate (Divers and Kawa- 
kita's Method). — A weighed quantity of mercury ful- 
minate is added to excess, but measured quantity of 
fuming hydrochloric acid contained in a retort connected 
with a receiver holding water. After heating for some 
time, the contents of the retort and receiver are 
mixed and diluted, and the mercury is precipitated 
by hydrogen sulphide. By warming and exposure 
to the air in open ves.sels the hydrogen sulphide 
is for the most part dissipated. The solution is 
then titrated with potassium hydroxide (KOH), as well 
as another quantity of hydrochloric acid, equal to that 
used with the fulminate. As the mercury chloride is 
reconverted into hydrochloric acid by the hydrogen 
sulphide, and as the hydroxylamine does not neutralise 
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I litmus the hydrochloric acid combined with it, i 
lis an equal amount of hydrochloric acid free or available 
Jin the two solutions. Any excess of acid in the one 
■which has received the fulminate will therefore be due 
■to the formic acid generated from the fulminate. Dr 
T Divers and M. Kawakita, working by this method, have 
lobtained 31-31 per cent, formic acid, instead of 32.40 
I required by theory. {Jour. Chcm. Soc., p. 17, 1SS4.) 

Divers and Kawakita proceed thus: 2.351 grms. 

dissolved, as already described, in HCl. and afterwards 

diluted, gave mercury sulphide equal to 70.40 per cent. 

mercury. The same solution, after removal of mercury, 

titrated by iodine for hydro.xylamine, gave nitrogen 

equal to 9.85 per cent.,and when evaporated with hydroxyl 

ammonium chloride equal to 9.55 per cent. A solution 

of 2,6665 t^rms. fulminate in HCl of known amount, 

I after removal of mercury by hydrogen sulphide, gave by 

I titration with potassium hydrate formic acid equal to 

1 8,1 7 per cent, of carbon. Collecting and comparing witn 

I calculation from formula we get — 



Mercury 
Nitrogen 
Carbon 
Oxygen 



Calc. 1. II. 

70. 42 ?o4o — 

9.S6 9.85 9.55 



COKKl-XTION OF VOLUMES OF GASES. 



' 76ox{i-tSt}. 
I + St from o" lo 30" C. 



(L 


76ox(i+S/). 


'■ 


760-1I-H&). 




760.(1+8/). 


•C 








c 






760.000 




771-1416 8 




782.283a 




760.2785 




771.4201 




782,5617 
782.8403 






76a5S7i 
760.8356 




771.6987 






3 




771-9772 


3 


783.11S8 




4 


761, 1141 




772-2558 


4 


7n3-3974 ' 




S 


761.3927 




77*. 5343 


5 


783.6959 




6 
7 


761.671* 
761.949H 




772.8128 
773.o9'4 


6 
7 


783.9544 
784.2330 




8 


762.2283 




7733699 


8 


784.5115 




9 


761.S069 




773.6485 


9 


784.7901 


* 


° 


761.7854 
763.0639 




773.9270 9 

774-2055 




7SS.06S6 
785.3471 






763-3415 




774.4841 




785.6257 






763.GJ.0 




774-7626 


3 


785.9042 






763-8996 

764.1781 




775.0412 
775.3197 


5 


786.1828 
786.4613 






764.45M 
764- 7 JS* 




775-8768 


6 
7 


786,7398 
787.0184 






765.0137 




776-1553 


8 


787.2969 






765.1923 




776.4339 


9 


787.5755 

787,8540 


2. 




765.5708 

765.S49J 




776.7124 io> 










776.9909 




788.1325 






766.1279 




777.1695 




788.4T.I 






766.4064 




777.5480 


3 


788.6896 






766.6850 




777.8266 


4 


788.9682 






766,963s 




778.1051 


1 


789.2467 






767.2420 




778.3S36 


izm 






767.5206 




778.6622 


7 






767.7991 




778.9407 


8 


790.0823 






76S.0777 




779.2193 

779.4978 1 1 


9 


790.3609 


3 




768.3562 






790-6394 






76S.6347 




779.7763 




790,9179 






768.9133 




780.0549 




791.1965 






769.1918 




780.3334 


3 


791.4750 




S 


769.4704 
769.7489 




780,6120 
780,8905 


4 

5 


79I.7536 
792.0321 




6 

7 


770.0274 
770- 3060 




781,1690 
781.4476 


6 
7 


792.3'o6 

792.5892 
792.8677 




8 


770-5845 
770.8631 


;b 


781.7261 


8 


■9 


■9 


7S2.0047 


9 


793-1463 



■_ 


I 


m 


■ 


^^H 


■ 


^^^H 


f 


^^^H 


■ 


^^^^H 
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^^H Taiii.k ¥o» Conkkctidn o 


F VoUIMK.'i OF 


Gasks- 


CtHtinufd. 


1' 


76ox(i+S/). 


'■ 


760K(i+8f). 


/. 


76ox[i+50- 


■ -c 




•C. 








^B I1.0 


793.4148 




805.6806 




817-9363 


■ 




793.7033 


-s 


805.959' 




818.1149 


■ 




793. 981 9 


.6 


806.1376 




Si 8.4934 


■ 


3 


794.1604 




8o6s'62 




818.7719 




4 


794-5390 
794-8 '75 


.8 


806.7947 




819.050s 




s 


■9 


807.0733 




819.3*90 


■ 


6 

7 


795.0960 
795'374& 


17,0 


807.3518 
807.6303 




819.6076 
819.S86I 




H 


795-653' 




807,9089 




810. 1646 




9 


795. 93 '7 


■ 3 


808.1874 




810.4432 


H '3 




796. «M 




808.4660 




82a7Ji7 






796.4887 


.5 


80S. 7445 




811.0001 






796-7673 
797.0458 


.6 


809.0230 




811.1788 




3 


.7 


809.3016 




8a'-SS73 
811.8859 






797-3*44 


.8 


809.5801 






S 


797-6029 


.9 


809.8587 




Sz2. 1 144 




6 


797.8814 


■ 8.0 


810.1372 




812.3930 




7 


798.1600 




810.417s 




812.6715 




8 


798.4385 




8ia6943 

810.9718 


Si 1.9500 




9 


798.7171 


-3 




823.32S6 


M 




798.9956 




8i..25'4 




813-5071 






799.2741 


•S 


i:[.^ 




8137857 






799- 5527 
799.8312 


,6 




814.0642 




3 




811.0870 




824.3417 




4 
5 


800.1098 
S00.38S3 


.9 


l-i.& 




824.6113 




6 

7 


800.666S 
800.9454 


[9.0 


811.9126 

S13.20., 




825.1784 
815.4569 




S 


80..2239 




8 13.4797 

Si3.75« 


8157354 




9 


801.5025 


■3 




B16.0140 


'5 




801.7810 


-4 


814.0368 




816.1925 






802.0595 


■ 5 


814.3153 




816.57" 






80J.33S. 


,6 


814.5938 


14.0 


816.8496 




3 


S02.6166 


.7 




827.1181 






802.8951 


.8 


815.1500 




827.4067 




5 


BOJ.1737 


■9 


815.491s 




817.6851 




6 

7 


803.4s" 
803.730S 




815.70S0 




t>27.9638 
828.2423 




S 


804.0093 




816.1651 




828.520S 




9 


804.1879 


■3 


816.5436 




828.7994 


i6 




804.5664 
804.8449 




816.8222 




819.0779 


^a 




■S 


817.1007 




819.3565 


^h 




805.133s 


.6 


817.3791 




829.6350 


■_L 


805.4020 


.7 


817.6578 




819.913s 


P 












i 


ifc ^ 


■ 
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TAntB FOB COHRBCTION OF Voi-OMBs OF CttSKS—Cstitinuai. 



'■ 


760 x( If 5/). 


'■ 


76ox(i+&l. 


'■ 


76o»(n-S/). 


•c 




•c. 




•c. 






830, igji 


■9 


834-9273 


.6 


839.6624 




830.4706 


a? 




S34.20S8 


■7 


839-9410 




830.749* 






S35.4843 


.8 


840.2195 




831.0277 






835.7629 


■9 


840.4981 




83.. 3061 




3 


836.0414 


29.0 


84a 7766 




831.5848 
831.8633 




4 


836.3200 




841-0551 






1 


836.5985 




841-3337 




832.1419 




836,8770 


-3 


841.6122 


^l 


83i.4ao4 




7 


837.1556 


-4 


841.8908 




832.6989 




8 


837-434" 


-5 


842.1693 




83»-977S 




9 


837.7127 


.6 


842.4478 




833-2560 


38 




83799" 


:i 


842-7^ 




833.5346 
833.813' 






838.2697 


843.0049 


■5 






iSrJj 


■9 


B43-2835 


.6 


834.0916 




3 


30,0 


843. 56» 


.7 


834.370a 




4 


839.1054 






.8 


83i&487 


■s 


839-3839 








CHAPTER VIII. 

FIRING POINT OF EXPLOSIVES, 
HEAT TESTS, &•(. 

Horaley's Appaniius— Tabic of Firing Points — The Govcmmcnt Heal- 
Teal Apparatus Tor nynamilcs — Nitro-Glycerine, Nilro-Collon, and 
Smukeless PuwJera — LiqnerBCtion and ExuiUlioo Tests— Page's 
Kegulal«r tor Hcal-Test Apparatus— Specific Gravities of Exp]i:isivcs 
—Table of Tem[i«rBlure o( Dutonalion, Sensitiveness, &e. 

The Firing: Point of Explosivea — The firing point 
of an explosive may be determined as follows: — A 
copper dish, about 3 inches deep, and 6 or more 
wide, and fitted with a lid, also of copper, is required. 
The lid contains several small holes, into each of which 
is soldered a thick copper tube about 5 mm. in diameter, 
and 3 inches long, with a rather larger one in the centre 
in which to place a thermometer. The dish is filled 
with Rose's metal, or paraffin, according to the probable 
temperature required. The firing point is then taken 
thus :— After putting a little piece of asbestos felt at the 
bottom of the centre tube, the thermometer is inserted, 
•and a small quantity of the e.vplosive to be tested is 
placed in the other holes ; the lid is then placed on the 
dish containing the melted paraffin or metal, in such a 
way that the copper tubes dip below the surface of the 
liquid ; the temperature of the bath is now raised until 
the explosive fires, and the temperature noted. The 
initial temperature should also be noted. 
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The Firing Point of Various Explosivks (by C. E. Munroe). M 


(Horsley's Apparatus used.) 1 


Nilro-glycerine, 5 years old \ 
{a sinEle drop inken) / 


'C. 

I03-J0S 










miIiliiryc<.ilon«p.gr,i.5) f 






Air - dried gun - collun, I 
slored for 4 yens ■ ' / 


179-187 




Dilto. slored for i year - 


187-189 




Air-dried collodion-cirtlon, I 






long staple "Red Island} 


186-191 




eotion,'' 3 years old - 1 






Air-dried coiltxlion, 3 years \ 
old. slored wet - ■ / 


197199 




Hydto.nitro-celluk«c - 


MI-213 




Kjeselguhr .lynamile. No. . 


197-200 




Eijilosivc (telaiine - 


io3-Ki9 




Mercury fulminale - 


i75->8i 






278.287 


f Itcen in sloie [O ye.irs. Com- 
posed of— 


Hill's picric ]wwdcr (shells} 


»73*83 


Ammonium picrate - 43..8 7. 


Diilo (musket) 


282-290 


Toiiissium picniie - S3-79 •• 
CliiucKtl (aider) - 3.85 ,. 


Forcile, No. I. 


187-200 


I 99.8* 7. 


Atlas powder (75 'L Ntl) 


.75.85 


Sample had lieen sloreil in 


EmmcTuilc, No. 1 . 


167-184 


nugaiine tor some munihs in 
wooden lx>x. 


No. a - - 


165-177 


Stored in Lin case. 


No-s - - 


205-21 7 


■' 


I-owiler used in Chasse|>ftl \ 
rifle - - f 


191 


By Ltyguc & Champion. 
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Rifle powder (picmle) 


358 




Cannon „ 


380 


" 


Horsley's apparatus consists of an iron stand with a 1 


ring support, holding a hemispherical iron vessel or bath H 


in which solid paraffin is put. Above this is another 1 


movable support, frotn which a thermometer is sus- fl 
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pended, and so adjusted that its bulb is immersed in 
the material contained in the iron vessel. A thin copper 
cartridge-case, | inch in diameter and ij! inch lon^, is 
suspended over the bath by means of a triangle, so that 
the end of the case is just i inch below the surface of 
the molten material. On beginning the experiment of 
determining the firing point of any explosive, the material 
in the bath is heated to just above the melting point ; 




the thermometer is in.serted in it, and a minute quantity 
of the explosive is placed in the bottom of the cartridge- 
case. The initial temperature is noted, and then the 
cartridge-case containing the explosive is inserted in the 
bath. The temperature is quickly raised until the con- 
tents of the cartridge-ca.sc flash ofTor explode, when the 
temperature is noted as 'iVc firing point. 

Professor C. E. Munroe, of the U.S. Torpedo Station 
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THE HEAT TEST. 



has determined the firing point of several explosives by 
means of this apparatus. 

The Government Heat Test (Explosives Act, 
1875) : Apparatus required. — A water bath, consist- 
ing of a spherical copper vessel (u). ^^i^- 34. of about 8 
inches diameter, and with an aperture of about 5 inches ; 
the bath is filled wilh water to within a quarter of an 
inch of the edge. It has a loose cover of sheet copper 
about 6 inches in diameter (d), and rests on a tripod 
stand about 14 inches high (c), which is covered with 
coarse wire gauze (e), and is surrounded with a screen of 
thin sheet copper ((/). Within the latter is placerl an 
argand burner (/) with glass chimney. The cover (^) 
ha.s four holes arranged, as seen in Fig. 11., No. 4 to 
contain a Page's* or Scheibler's regulator, No, 3 the 
thermometer, Nos. I and 2 the test tubes containing the 
explosive to be tested. Around the holes i and 2 on 
the under side of the cover are soldered three pieces of 
briss wire with points slightly converging (Fig. III.); 
these act as spring.s, and allow the test tubes to be 
easily placed in position and removed. 

Test Tubes, from 5i to 5J inches long, and of .such 
a diameter that they will hold from 20 to 23 cubic centi- 
metres of water when filled to a height of 5 inches; rather 
thick glass is preferable. Indiarubber stoppers, fitting 
the test tubes, and carrying an arrangement for holding 
the test papers, viz., a narrow glass tube passing through 
the centre of the stopper, and terminating in a platinum 
wire hook. A glass rod drawn out and the end turned 
up to form a hiMik is better. 

The Thermometer should have a range from 30° to 
212" F., or from i" to 100° C. A minute clock is useful. 
• See CAem. Soc.Jaur., 1876, i. 24. F. J. M. Page. 
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Test Paper.— The test paper is prepared as follows 

(45 grains (2.9 grms.) of white maize starch (com flou 

■ previously washed with cold water, are added to SJ oz, < 

I water. The mixture is stirred, heated to boiling, and kepi 

I gently boiling for ten minutes; 15 grains (i grm.)of pure 

I potassium iodide (previously recry.staliised from alcohol, 

absolutely necessary) are dissolved in 8J 07.. of distilled 

water. The two solutions are thoroughly mixed and 

allowed to get cold. Strips or sheets of white English 

filter paper, previously washed with water and rc-dried, 

are dipjx:d into the solution thus prepared, and a'iowrd 

to remain in it for not less than ten seconds ; they are 

then allowed to drain and dry in a place fri 1 from 

laboratory fumes and dust. The upper am lower 

margins of the strips or sheets arc cut off, and the 

paper is preserved in we 11 -stoppered or corked bottles, 

and in the dark. The dimensions of the pieces of test 

paper used are about j*„ inch by ,"5 inch (10 mm. by 

20 mm.).* 

Standard Tint Paper.— A solution of caramel in 
' water is made c]f such concentration that when diluted 
[ one hundred times (10 c.c. made up to i litre) the tint of 
I this diluted solution equals the tint pnxiuced by the 
J Nessler test in 100 c.c. water containing .000075 grm. of 
[ ammonia, or .00023505 grm. Am. CI, With this caramel 
solution lines are drawn on strips of white filter paper 
(previously well washed with distilled water, to remove 
' traces of bleaching matter, and dried) by means of a 
I quill pen. When the marks thus produced are dry, the 

■ When Ihe paper is freslily prepared, .intl as long as ii remains 
in good condition, a drop of diluted aeeiie acid put on the paper with 
iss rod produces no coloration. In process of liine it will 
become brownish, when treated with the acid, especially if it has 
been exposed tn sunlight. It is then nut lit Tor use. 
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paper is cut into pieces of the same size as the test paix;r 
previously described, in such a way that each piece has 
a brown line across it near the middle of its length, and 
only such strips are preserved in which the brown line 
has a breadth varying from i mm. to i mm. (j^ uf an 
inch to J J of an inch). 

Testing Dynamite, Blasting Gelatine, and Gelatine 
Dynamite. — Nitru-glycerine preparations, from which 
the iiitro-glytcririL- can be extracted in the manner 
described below, must satisfy the following test, other- 
wise they will not be considered as manufactured with 
"thoroughly purified nitro-glyccrinc," viz., fifteen minutes 
at 160- F. (72° C). 

Apparatus Required.^A funnel 2 inches across (rf), 
a cylindrical measure divided into grains (c), Fig. 35. 

Mode of Operation. — Abaut 300 (19-4 gri^s.) to 400 
grains (26 grm.s.) of dynamite {b), finely divided, are 
placed in the funnel, which is loosely [..._.j.*.„..^ 
plugged by freshly ignited asbestos {a'). 
The surface is smoothed by means of a 
flat-headed glass rod or stopper, and 
some clean washed and dried kicsclguhr 
(f) is spread over it to the depth of about 
I inch. Water is then poured on from a 
wash bottle, and when the first portion 
has been soaked up more is added ; this 
is repeated until sufficient nitro-glycerine 
has collected in the graduated measure 
{e). If any water should have passed 1 
through, it must be removed from the '^i«ou"DrM*u"T" 
nitro-glycerine by filter paper, or the nitro-glycerin 
may be filtered. 





V 

I 



^ Appticatioa of Test. — The ihcrmomcter is fix« 
as to be inserted through the lid of the water bath into 
the water, which is maintained at r6o° F. (^2' C), to a 
depth of 2j inches. Fifty grains (= 3.29 grins.) of nitro- 
tjlycerine to be tested are weighed into the test tube, in 
such a way as not to soil the sides of the tube (use a 
pipette). A test paper is fixed on the hook of the glass 
rod, so that when inserted into the tube it will be in a 
vertical position. A sufficient amount of a mixture of 
half distilled water and half glycerine, to 
moisten the upper half of the paper, is now 
applied to the upper edge of the test jiaper 
by means of a glass rod or camel's hair 
pencil ; the cork carrying the rod and paper 
is fixed into the test tube, and the position 
of the paper adjusted so that its lower edge 
is about halfway down the tube; the latter 
is then inserted through one of the holes in 
the cover to such a depth that the lower 
mai^in of the moistened part of the paper 
is about I inch above the surface cover. 
The test is complete when the faint brown 
tv^k' iai^N^D line, which after a time makes its appear- 
FonHK^r ibst. 3j,j-p 3t (he Hne of boundary between the 
dry and moist part of the paper, equals in tint the 
brown line of the standard tint paper. 



Blasting Gelatine, Gelatine Dynamite, Gelignite, 
&c. — Fifty grains ( = 3.29 grms.) of blasting gelatine are 
intimately mixed with 100 grains ( = 6.5 grm.s.) of French 
chalk. This is done by carefully working the two 
materials together with a wooden pe.stle in a wooden 
mortar. The mixture is then gradually introduced into 
the test tube, with the aid of gentle tapping upon the table 
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between the introduction of successive jxirtions of the 
mixture into the tube, so that when the tube contains all 
the mixture it shall be filled to the extent of 1 J inches 
of its height. The test paper is then inserted as above 
described for nitro-glycerine. The sample tested must 
stand a temperature of 160° K. for a |)eriud of ten 
minutes before producing a discoloration of the test 
paper corresponding in tint to the standard paper. 

Gun-Cotton, Schultze Gunpowder, E.C. Powder, 
&c.: A. Compressed Gun-Cotton.— Sufficient material 

to ser\'e for two or more tests is removed from the centre 
of the cartridge by gentle scraping, and if necessarj', 
further reduced by rubbing between the fingers. The 
fine powder thus produced is spread out in a thin layer 
upon a paper tray 6 inches by 4^ inches, which is then 
placed in.side a water oven, kept as nearly as [Xissible at 
120° F. (49" C). The wire gauze .shelves of the oven 
should be about 3 inches apart. The sample is allowed 
to remain at rest for fifteen minutes in the oven, the door of 
which is left wide open. After the lapse of fifteen minutes 
the tray is removed and exposed to the air of the room 
for two hours, the sample being at some point within that 
time rubbed upon the tray with the hand, in order to 
reduce it to a fine and,uniform state of division. 

The heat test is performed as before, except that the 
temperature of the bath is kept at 1 50° F. (66° C), and 
regulator set to maintain that temperature. Twenty 
grains (1.396 grms.) are used, placed in the test tube, 
gently pressed down until it occupies a space of as nearly 
as pos.sible l-,\ inches (in the test tube of dimensions 
previously six:cified). The fine cotton adhering to the 
sides of the tube can be removed by a clean cloth or silk 
handkerchief. The paper is moistened by touching the 
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^^ up)x:r edge with a drop of the 50 per cent, glycerine S 

lion, the tube inserted in the bath to a depth of 2J inches, 
measured from the cover, the regulator and thermometer 
' being inserted to the same depth. The test paper is 

to be keiJt near the top of the test tube, but clear of the 
cork, until the tube has been immersed for about five 
( minutes. A ring of moisture will about this time be 

deposited upon the sides of the test tube, a little above 
the cover of the bath. The glass rod must then be 
lowered until the lower margin of the moistened part of 
[the paper is on a level with the bottom of the ring of 
• moisture in the tube. The paper is now closely watched. 
I The test is complete when a very faint brown coloration 
■makes its appearance at the line of boundary between 
I the dry and moist parts of the paper. It must stand the 
I test for not less than ten minutes at 150°. (The time is 
1 reckoned from the first insertion of the tube in the bath 
[ until the appearance of a discoloration of the test 
I paper.) 

B. Schultze Powder, E.C. Powder. Collodion- 
I Cotton, &c, — The sample is dried in the oven as above, 
I and exposed for two hours to the air. The test as above 
y for compressed gun-cotton is then applied. 

Cordite must stand a temperature of 180' F. for 
fifteen minutes, and the nitro-glycerine used in its manu- 
facture 180" F. The sample should be cut from each 
Lend in J-inch lengths, and ground up fine in a mill. 

Exudation and Liquefaction Test for Blasting 
Gelatine, Gelatine Dynamite, &c.— A cylinder of blast- 
ing gelatine, &c., is to be cut from the cartridge to be 
tested, the length of the cylinder to be equal to its 
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diameter, and the ends being cut flat. The cylinder Is to 
be placed on end on a flat surface without any wrapper, 
and secured by a pin passing vertically through its centre. 
In this condition the cylinder is to be exposed for 
144 consecutive hours (six days and nights) to a tem- 
perature ranging from 85° to go" F. (inclusive), and during 
such exposure the cylinder shall not diminish in height 
by more than one-fourth of its original height, and the 
upper cut surface shall retain its flatness and the sharp- 
ness of its edge. 

Exudation Test. — There shall be no separation from 
the general mass of the blasting gelatine or gelatine 
dynamite of a substance of less consistency than the 
bulk of the remaining portion of the material under any 
conditions of storage, transport, or use, or when the mate- 
rial is subjected three times in succession to alternate 
freezing and thawing, or when subjected to the liquefac- 
tion test before described. 

Page's Regulator. — The most convenient gas regu- 
lator to u,'«; in connection with the heat-test apparatus is 
the one invented by Prof. F, J. M. Page, B.Sc* (Fig. 37). 
It is not affected by variations of the barometric pressure, 
and is simple and easy to fit up. It consists of a ther- 
mometer with an elongated glass bulb f inch diameter and 
3 inches long. The stem of the thermometer is 5 inches 
long and ^ inch to Vb inch internal diameter. One and 
a half inch from the top of the stem is fused in at right 
angles a piece of glass tube, i inch long, of the same 
diameter as the stem, so as to form a T. A piece of glass 
tube (a), about -j'j inch external diameter and I J inches 

• Chcmicai Sot. Jour., 1876, i, 24, 
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[ lon;^, is fitted at one end with a short, sound cork (c, 
I Fit;. ^7^)- Through the centre of this cork a hole is 
} bored, so that the stem of the thermometer just fits into 
I iL The other end of this glass tube is closed by a tightly 
f fitting cork, preferably of indiarubber (i), which is pierced 
by a fine bradawl through the centre. Into 
the hole thus made is forced a piece of fine 
glass tube (b) 3 inches long, and small 
lugh to fit loosely inside the stem of tlie 
. .rmac:; thermometer. 

a The thermometer is filled by pouring 

in mercury through a small funnel until 
the level of the mercury (when the ther- 
mometer is at the desired temperature) is 
about 1 J inches below the T. The piece of 
glass tube A, closed at its upper extremity 
by the cork I, through which the fine glass 
tube B passes into tlic stem of the ther- 
mometer, is now filled by means of the 
perforated cork at its lower extremity on 
the stem of the thermometer. The gas 
supply tube i.s attached to the top of the 
tube A, the burner to the T, so that the 
gas passes in at the top, down the fine tube 
B, rises in the space between B and the 
, inside wall of the stem of the thermometer, 
and cscapes|_by the T, The regulator is set 
for any given tem|x;rature by jjiishing the cork c, and 
consequently the tubes A and B, which are firmly 
attached to it, up or down the stem of the thermo- 
meter, until the regulator just cuts off the gas at the 
desired temjxjrature. 

As soon as the temperature falls, the mercury con- 
tracts, and thus ojwns the end of the tube B. The gas 
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is thus turned on, and the temperature rises until the 
regulator again cuts off the gas. In order to prevent 
the possible extinction of the flame by the regulator, the 
brass tube which carries the gas to the regulator is con- 
nected with the tube which brings the gas from the regu- 
lator to the burner by a small brass tap (Fig. 2). This 
tap forms an adjustable bye-pass, 
and thus a small flame can be kept 
burning, even (hough the regulator 
be completely shut off. It is t 
vious that the quantity of gas 
supplied through the bye-pass mi 
always be less than that required 
to maintain the desired tempera- 
ture. This regulator, placed in a 
beaker of water on a tripod, will 
maintain the temperature of the 
water during four or five hours 
within 0.2° C, and an air bath 
during si.x weeks within 0.5" C. 

To sum up briefly the method 
of using the regulator:-^ Being filled 
with mercury to about J inch below 
the T, attach the gas supply as in 
diagram (Fig. 2), the brass tap being 
open, and the tube if unclosed by f,c. ,. w, 

the mercury. Allow the cas to Pio. jt*— Pa«'iiO»sRi«u. 
completely expel the air in the cui-off *»iiaiio»ii...t. 
apjjaratus. Push down the tube A .so that the end 
of B is well under the surface of the mercury. Turn 
off the tap of the bye-pass until the smallest bead of 
flame is visible. Raise A and B. and allow the tem- 
perature to rise until the desired point is attained. Then 
push the tubes a and B slowly down until the flame 
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Jjs just shut oR". The regulator will then keep the tcm- 
I perature at that point. 

Specific Gravities of Explosivks, &c, 

Nitro-Klycerinc - 1,6 

Gun-cotton (dry) 1.06 

„ (25 per cent, waier] - - 1.33 

Dynamite No. 1 1.63 

HUsting gelatine . _ . . . 1,54 

Gelatine dynamite . . - - . 1.55 

Forcite - 1,51 

Tonite l.aB 

Roburice - 1.40 

Ilellite 1. 2-1.4 

Carbo-dynamile - - - '-S 

Turpin's cast picric acid - - - i. 

Nilro-mannilc 1.6 

Nitroslarch 1.5 

Emmcnsite - - - ■ - -1.8 

Mono-nitro-benicne 1.2 

Meta-di-nitro-beniene .... 1,575^1 18^ C. 

Ortho-di-nitro-benicne - - - - i.sgo „ 

Para-di-nitro-beniene - . . . 1,635 n 

British gunpowder, E.X.E. • . 1.80 

„ S.Ii.C. . ■ t.8s 

Cannonite (powder) 1.60 

Celluloid 1,3s 

Cellulose 1.45 

Ammonium nitrate ..... t.707 

Table of the Tkmpekatukk ok Uktonatiok, 

Dlasting gel.itine - - - . . 3330° 

Nitro-giycerine 3170' 

Dynamite - 3940° 

Gun-cotton - 26501° 

Tonite 2648* 

I'icrii; acid 36ao° 

Roburite aioo* 

Ammonia nitraie - - . . - 1130° 
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Relative Sensitiveness to Detonation (by Professor C. E. 
Munroe, U.S. Naval Torpedo Station). 



Gun-cotton - 

Explosive gelatine (cam- 1 
phorated - - f 
Judson powder, R. R. P. - 
Emmensite (No. 259) 

Rack-a-rock - 

Bellite - . - - 
Forcite No. i 
Kieselguhr dynamite No. I 
Atlas powder No. i 



Maximum Dis- 
tance at which 
Detonation 
occurred. 

CM. 
10 

20 

25 
30 

32 

50 
61 

64 

74 



{Nitro-glycerine 86.5, nitro-cotton 
9. 5, camphor 4 per cent. 
( NH4NO, 5 parts, CeH4(NO,), i 
I part. 



( KCIO, 79 parts, QH5(N0), 21 
\ parts. 



75 per cent, nilro-glycerine. 



' nitn 
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ClIAI'TER IX. 



DETERMINATION OF THE RELATIVE 
STRENGTH OF EXPLOSIVES. 



in Explosive— High ami Low Explosiires— ThcoreticoJ 
Efficiency — MM. Koux and Sftrtiu's Kisulls — Abel and Noble's — 
Nobel's Balliilic Tcsl— The Motiar, Pressuie, ot Crusher Ciauge — 
Lead Cylinders —The Foot-Pounds Machine— Nobel's Tressure Gauge 
— Liculertanl Wallce's Kesol Is— Calculation of I'fessuie Devclo|ied Ijy 
Dyniunile and nun-Collon— M'Nab's and Rislori's Results of Hc«l 
Oevelopeil liy the Explosion oi Various Explosives— Coniposil ion of 
some or the Explosives in Common Use for lilasting, &c. 

The Determination of the Relative Strength of 
Explosives. — Explosives may be roughly divided into 
two divisions, viz., those which when exploded produce 
a shattering force, and those which produce a propulsive 
force. Explosives of the first class are generally known 
the high explosives, and consist for the most part of 
nitro comp<iunds, or mixtures of nitro compounds with 
other substances. Any explosive whose detonation is 
very rapid is a high explosive, but the term has chiefly 
:n applied to the nitro-ex plosives. 

The effectiveness of an explosive depends upon the 
volume and temperature of the gases formed, and upon 
the rapidity of the explosion. In the high explosives 
the chemical transformation is very rapid, hence they 
exert a crushing or shattering effect. Gunpowder, on the 
other hand, is a low explosive, and produces a propelling 
or heaving effect. 
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The maximum work that an explosive is capable of 
producing is proportionate to the amount of heat disen- 
gaged during its chemical transformation. This may be 
expressed in kili^ram metres by the formula 425Q. where 
Q is the number of units of heat evolved. The theoreti- 
cal efficiency of an explosive cannot, however, be expected 
in practice for many reasons. 

In the case of blasting rock, for instance:* — i. In- 
complete combustion of the e.\plosive. 2. Compression 
and chemical changes induced in the surrounding mate- 
rial operated on. 3. Energy expended in the cracking 
and heating of the material which is not displaced. 4. 
The escape of gas through the blast-hole, and the fis.sures 
cau.sed by the explosion. The proportion of useful work 
has been estimated to be from 14 to 33 per cent, of the 
theoretical maximum potential. 

For the purposes of comparison, manufacturers gene- 
rally rely more uptjn the practical than the theoretical 
efficiency of an explosive. The.se, however, stand in the 
same relation to one another, as the following table of 
Messrs Roux and Sarrau will show : — 

Mechanical Equivalknt of Explosives. 



Illasling powder (61 percent KNO,) ■ - 242,335 
Dynamite (75 per cem.nilro-glycerine) - - 548,25° 
Blasting gelatine (gz per cent, nitro-glycerine)- 766,813 

Nitroglycerine 794.563 

Experiments made in lead cylinders give — 

Dynamite ...-.-- 1 
Blasting gelatine ------ i 

Nitro-glycerine ------ t 

. N. Hake, Government Inspector of Explos 
Jour. Sec. Ckem. Ind., 



1.36 

3.16 
3-28 
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Sir Frederick Abel and Captain W. H. Noble. R.A.. 
have shown that the maximum pressure exerted by gun- 
powder is equal to 486 fout-tons per lb. of powder, or 
that when i kilo, of the powder gases occupy the volume 
of I litre, the pressure is equal to 6,400 atmospheres ; and 
Berthelot has calculated that every gramme of nitro-glyce- 
rineexploded gives 1,330 units of heat. MM. Roux and 
Sarrau, of the Depflt Central des Poudres, Paris, by 
means of calorimetric determinations, have shown that 
the following units of heat are produced by the detona- 
tion of — 

Nilro- glycerine 1,784 heat units. 

Potassic pierale - . - . 840 „ 

which, multiplied by the mechanical equivalent per unit, 
gives — 

Nitro -glycerine ■ 778 metre Ions per kilojjrainnic. 

Gun-cotton - - 489 „ ,, 

Picraic of potash - 366 „ „ 

Nobel's Ballistic Test.— Alfred Nobel w.is the first 
to make use of the mortar test to measure the (ballistic) 
power of explosives. The ii.se of the mortar for measur- 
ing the relative power of explo.sives does not give very 
accurate results, but at the same time the information 
obtained is of considerable value from a practical point 
of view. The mortar consists of a solid cylinder of cast- 
iron, one end of which has been bored to a depth of 9 inches, 
the diameter of the bore being 4 inches. At the bottom 
of the bore-hole is a steel disc 3 inches thick, in which 
another hole has been bored 3 inches by 2 inches, The 
mortar (Fig. 38J itself is fitted with trunnions, and firmly 
fixed in a very solid wooden carriage, which is securely 
bolted down to the ground. The shot used should 




NOItEL'S BALLISTIC TEST. 

weigh 28 lbs., and be turned accurately to fit the bore 
of the mortar. Down its centre is a hole through which 
the fu.se is put. 

The following is the method of making an exiieri- 
mcnt: — A piece of hard wood is turned in the lathe to 
exactly fit the hole in the steel disc at the bottom of the 
bore. This wooden cylinder itself contains a small cavity 
into which the explosive is put. Ten grms. is a very 
convenient quantity. Before placing in the mortar, a 




hole may be made in the explosive by means of a piece 
of gla.ss rod of such a size that the detonator to be used 
will Just fit into it. After placing the wooden cylinder 
containing the explosive in the cavity at the bottom 
of the bore, the shot, slightly oiled, is allowed to fall 
gently down on to it. A piece of fuse about a foot long, 
and fitted with a detonator, is now pushed through the 
hole in the centre of the shot until the detonator is 
embedded in the explosive. The fuse is now lighted, and 
the distance to which the shot is thrown is carefully 




Mr T. Johnson has reel 
tests. He used a steel mortfl 
lbs., and he adopted the planl 
to which a given charge, 5 gM 
He obtained the following resl 

Blasting gelatine (90 per cent, niirol 
cellulose) - . - - 1 

Ammonitc(6o per cent. Am(NO,)ail 
niiphthaienc) - - - - 1 
Gelignite (&o per cent, ni I rn- gelatine! 
Roburllc (AmNOj and chloru-nilro-l 
No. 1 dynamite (75 per cent, niiro-g' 
Slonite (68 per cent, niiro'gelatinc 
wood-meal) . . - - 

Gun-cotton 

Tonitc (gun-cotton and nitrates) ■ 
Cart)oniie(i5 per cent, nitro-gelatinc 
meal, and Jo per cent, nitrates) 
Securiic (KNO,and niiro-beniol) 
GunjiowUer ----- 
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They are all based either upon the size of an indent 
made upon a copper disc by a steel punch fitted to a 
piston, acted upon by tlie 
gases of the explosive, or 
upon the crushing or flat- 
tening of copper or lead 
cylinders. 

Berthelot uses a cylin- 
der of copper, as also did 
the English Commission, 
but in the simpler form of 
apparatus mostly used by 
manufacturers lead cylin- 
ders are used. This form 
of apparatus (Fig. 39) con- 
sists of a base of iron to 
which four uprights a are 
fixed, set round the cir- 
cumference of a 4-iiich cir- 
cle; the lead plug rests upon 
the steel base let into the 
solid iron block. A ring K,^.3^.-i'«««.^.;*t,c;K. 

c holds the uprights d together at the top. The piston 
b, which rests upon the lead plug, is a cylinder of 
tempered steel 4 inches in diameter and 5 inches in length ; 





it is turned away at the sides to lighten it as much as 
possible. It should move freely between the uprights 



1^^ hei 
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d. In the top of this cylinder Is a cavity to hold the 
chaise of explosive. The weight of this ptiiton is 1 2j lbs. 
The shot e is of tempered steel, and 4 inches in diameter 
and 10 inches in length, and weighs 34^ lbs. It is bored 
through its axis to receive a capped fuse. 

The instrument is used in the following manner: — 
A plug of lead 1 inch long and i inch in diameter, and 
of a cylindrical form, is placed upon the steel plate 
between the uprights a, the piston placed u|X)n it, the 
carefully weighed explosive placed in the cavity, and the 
shot lowered gently upon the piston. A piece of fuse, 
with a detonator fixed at one end, is then pushed through 
the hole in the shot until it reaches tlie explosive con- 
tained in the cavity in the piston. The fuse is lighted. 
When the chaise is exploded, the shot is thrown out, and 
the lead cylinder is more or less compressed. The lead 
plugs must be of a uniform density and homogeneous 
structure, and should be cut from lead rods that have 
been drawn, and not cast separately from small masses 
of metal. 

The strength of the explosive is proportional to the 
work performed in reducing the height of the lead (or 
copper) plug, and to get an expression for the work 

. ^ done it is necessary to find the 

I f — — "i \ number of foot-pounds (or kilo- 

( 1 \r\ W ^^ (p grammetre.s) required to produce 

^^ the different amounts of cora- 

Fns'M'iM's'uK'iKl")iA^m,ii.)'Kl!'B*j'I pressioo. This is done by sub- 
cvLiHDHs. milling exactly similar cylinders 

of lead to a crushing under weights acting without 
initial velocity, and measuring the reduced heights of the 
cylinders ; from these results a table is constructed 
establishing empirical relations between the reduced 
heights and the corresponding weights; the cylinders are 
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measured both before and after insertion in the pressure 
gauye by means of an instrument known as the micro- 
meter ca!ii>ers (Fig. 40),* 

The Use of Lead Cylinders. — The method of using 
lead cylinders to test the strength of an explosive is a 
very simple affair, and is conducted as follows ; — A solid 
cast lead cylinder, of any convenient size, is bored down 
the centre for some inches, generally until the bore-hole 
reaches to about the centre of the block. The volume 
of this hole is then accurately measured by pouring 
water into it from a graduated measure, and its capacity 
in cubic centimetres noted. The bore -hole is then 
emptied and dried, and a weighed quantity (say 10 
grms.) of the explosive pressed well down to the bottom 
of the hole. A hole is then made in the explosive (if 
dynamite) with a piece of clean and rounded glass rod, 
large enough to take the detonator, A piece of fuse, 
fitted with a detonator, is then inserted into theexplo.sive 
and lighted. After the explosion a lai^e pear-shaped 

* An instrumeni called a "Foot-pounds Machine" has been 
invenled by Lieut. Quinan, U.S. Army. U consists of three boanis, 
connected so as to form a slide 16 feet high, in which a tveight 
(the shot of the pressure gau^e) can fall freely. One of the boards 
is graduated into feet and half feet. The horizontal board at the 
bottom, upon which the others are nailed, rests upon a heavy post 
set deep in the ground, upon which is placed the piston of the 
gauge, which iit tliis case serves as an anvil on which to place the 
lead cylinders. The shot is raised by means of a pulley, fixed at 
the top of the structure, to any desired height, and let go by 
releasing the clutch that holds it. The difference between the 
original length and the reduced length gives the compression 
caused by the blow of the shot in falling, and gives the value in 
foot-pounds "required to produce the difTerenl amounts of com- 
pression. (Vide>«r. U.S. Nav<d JnsL, \%tp..) 
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ivity will be found to have been formed, the volume of 
which is then measured in the same way as before. 

The results thus ob- 
tained are only relative, but 
are of considerable value 
for comparing dynamites 
among themselves (or gun- 
cottons). Experiments in 
lead cylinders gave the re- 
lative values for nitro-glyccrine 1.4, blasting gelatine 1.4, 
and dynamite i.o. (Fig. 41 shows sections of lead 
cylinders before and after use.) 

Noble's Pressure Gauge. — The original explosive 
vessels used by Captain Sir A. Noble in his first experi- 
ments were practically exactly similar to those that he 
now employs, which consist of a steel barrel A (Fig. 43), 





open at both ends, which are closed hy carefully fitted 
screw plugs, furnished with steel gas checks to prevent 
any escape jiast the screw. The action of the gas checks 
is exactly the same as the leathers used in hydraulic 
presses. The pressure of the gas acting on both sides of 
the annular si>ace presses these sides firmly against the 
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cylinder and against the plug, and so effectually prevents 
any escape. In the firing plug F is a conical hole closed 
by a cone fitting with great exactness, which, when the 
vessel is prepared for firing, is covered with fine tissue 
paper to act as an insulator. The two firing wires G G, 
one in the insulated cone, the other in the firing plug, 
are connected by a very fine platinum wire passing 
through a glass tube filled with meal powder. The wire 
becomes red ■ hot when connection is made with a 
Leclanche battery, and the charge which has previously 
been inserted into the vessel is fired. The crusher plug 
is fitted with a crusher gauge li for determining the 
pressure of the gases at the moment of explosion, and . 
in addition there is frequently a second crusher gauge 
apparatus screwed into the cylinder. When it is desired 
to allow the gases to escape for examination, the screw 
J is slightly withdrawn. The gases then pass into the 
pa-ssage I, and can be led to suitable apparatus in which 
their volume can be measured, or in which they can be 
sealed for subsequent chemical analysis. 

The greatest care must be exercised in carrying out 
experiments with this apparatus ; it is particularly neces- 
sary to be sure that all the joints arc perfectly tight 
before exploding the charge. Should this not be the 
case, the gases upon their generation will cut their way 
out, or completely blow out the part improperly secured, 
in either case destroying the apparatus. The eflTcct pro- 
duced upon the apparatus when the gas has escaped by 
cutting a passage for itself is very curious. The surface 
of the metal where the escape occurred presents the 
apjiearance of having been wa.shed away in a state of 
fusion by the rush of the highly heated products. 

The Pressure Gauge.— The pressure is found by 
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; of a little mstnimcnt known as the pressure 
B$Uts of a small chamber formed of 
of which is a copper cj'linder, and the 
Btg clnsed by a screw gland, in which a 
, bsmng a definite sectional area, works. There 
is a S>s ciKc); E (Fig. 43) placed in the gland, and over 
whkh p»v\Tnis the admission of gas to the 
When it is dedred to find the pressure in the 
r of a gun, one or m«>re of these crushers are 
h oc inserted at the extreme rear end of the 
it n onfer to avoid their being blown out of the 
fired This, ho«-e%«-. often takes place, in 
the sau|T5 »"^ ii^ii.-illy found a few yards in 




< of lb . ,' 'i»per cj-linders whidi register 

the pRteuiv >iv ^ ^x5 mch long from specially 

Mfcctc d oofi|Kr, the diameters being n^gulated to give a 
aectional «i«« of either ,\ tx ,', square inch. 

Hollow copfKf cylinders arc manufactured with re- 
duceil «ctiiM«l aa-as W measuring wry small pressures. 
It has hecit fvxmd that these copper c>'limler^ are cora- 
preswd to definite lengths for certain pressures with 
lemaikable uniRwmity. Thus a copper cylinder having 
a scctioiwl area of ,', square inch, and originally } inch 
-Ums, is crushed to a le«»gth of 042 inch by a pressure of 
■ "» tons per s(|tiafe inch. By subsequently applying a 
of 12 tons per square inch the cylinder 
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reduced tu a length of O.393 inch. Before using 
the cylinders, whether for experimenting with closed 
vessels or with guns, it is advisable to first crush them 
by a pressure a little under that expected in the experi- 
ment. Captain Sir A. Noble used in his experiments a 
modification of Rodman's gauge. (Ordnance Dept., 
U.S.A., 1861.) 

By Calculation.— To calculate the pressure developed 
by the explosion of dynamite in a bore-hole 3 centimetres 
in diameter, charged with 1 kilogramme of 75 per cent, 
dynamite, Messrs Vieille and Sarrau employ the follow- 
ing formula : — 



-M.^,-^) 



Where Vo = the volume (reduced to 0° and 760 mm.) of 
the gases produced by a unit of weight of the explosive ; 
Q the number of calories disengaged by a unit of weight 
of the explosive ; c equals the specific heat at constant 
volume of the gases ; V the volume in cubic centimetres 
of a unit of weight of the explosive ; v the volume occu- 
pied by the inert materials of the explosive. The volume 
of gas produced by the explosion of i kilogramme of 
nitro-glyccrine (at o" and 760 mm.) is 467 litres. 

Vo will therefore equal 0.75 x 467 = 350.25. 

The specific heat c is, according to Sarrau, .220 (r); 
and according to Bunsen, i kilogramme of dynamite No, 
1 disengages 1,290 (Q) calories, The density of dyna- 
mite is equal to 1,5, therefore 



V = 



= ,666. 



F" 



"I 
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If wu take the volumf uf the kiesdguhr as .1, we find 
from above formula tliat 

P = 350(1 + 3^jx^,3 j = ■ 3.900 atmospheres. 
.666-. I 
which is equal to 14.317 kilogrammes per square centi- 
metre. The pressure developed by i kilogramme of pure 
nitrd-glycerine equals 18,533 atmospheres, equals 19,151 
kilogrammes. Applying this formula to gun-cotton, and 
taking after Berthelot, Q=io7S, and after Vieille and 
Sarrau, ¥0=671 litres, and c as .2314, and the density of 
the nitro-cellulose a.-) 1.5, we have (V = 0) 

L I' = 67 1 ( I -H 2^^^^;^) = 1 8, 1 35 atmospheres. 



r.666 
To convert this into pressure of kilogrammes per 
square centimetre, it is necessary to multiply it by the 
weight of a column of mercury 0.760 m. high, and I 
square centimetre in section, which is equal to increasing 
't by aV' It thus becomes 

i"=P("+,V)- 

P*= 18,13s >< 1-033= 18,733 kilogrammes. 

The following tables, taken from Messrs William 
Macnab's and E. Ristori's paper {Proc. Roy. Sac, 56, 
8-19), " Researches on Modern Explosives," are very in- 
teresting. Tliey record the results of a large number of 
experiments made to determine the amount of heat 
evolved, and the quantity and composition of the gases 
produced when certain explosives and various smokeless 
powders were fired in a closed vessel from which the 
air had been previously exhausted. The explosions were 
carried out in a "calorimetric bomb" of Berthelot's pat- 
tern. * 

• For description of " bomb," see " Explosives and their Power," 
Berthelot, Irans. by Hake and Macnab, p. lyj. (,W^Tfa^^\ 
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Table showing the Heat Drveloped nv Expi^sives 

CONTAINING NITRO-GLVCERINE AND NITRO-CEU.OI.OSE 

I m Different Proportions. 



r 


c«B[™iii«iorE.pi» 


-. 


CiL 


„....c 


«.. 


NilrlH 


»llu1o«(N = .j.3p«Mm.) 


Nilro glycrinc 








looper 


cent, dry pulp - 







1061 






, gelatinised 







921 




90 






10 percent, 




1044 




80 










1IS9 




70 






30 „ 




1267 




60 






40 ., 




1347 




50 






50 .. 




1410 




40 






60 „ 




.467 








100 „ 




.6S2 




NiIro« 


nuio«(N=„.,. p., =«,,.) 


Sk^lyc^.^ 








80 per 


cent. - - - - 


lo per cent. 




1061 




60 




40 ,, 




1288 




50 




50 .> 




1349 




40 




60 „ 




1405 




Nilro^ 


■ellulo«(N = n.JPf«n..) 


Nif^slyc=rin=. 




Vwolini, 


~^ 


SSpcr 


ccm. - - - - 


40 per ceni. 


S per 


cent. 


IIJ4 


35 






60 „ 


5 


■ 


1280 



I 



NITRO-EXPLOSIVES. 

Composition of some of the Explosives in 
Common Use. 



Otdiiuuy DTOADiite. 

Nitro-Clyccrine - 75 per cent, 
Kieselguhr - - 25 .1 

Atlas Powders. 
Sodium Nitrate 2.op, et. 

Nitro-Glycerine - 75.0 „ 
Wood-Polp ■ - ai.o „ 
M^nesium Carbonnte 3.0 „ 

Dualine. 
Nitro-Glyccrinc - 50 per cent. 
Sawdust - 30 „ 

Niiraic of Potash 20 „ 

Vulcan Powder, 

Nilro-Clyccriiii 
Nitrate of Sod; 
Sulphur 
Charcoal 



Vigorite. 
Nilro- Glycerine - 30 per cent. 
Nitrate of Soda - 60 „ 
Charcoal * - 5 u 
Sawdust - - s II 

Rendrock. 
Nitrate of Polash 40 per cent. 
Nilro-Giycerine - 40 „ 
Wood-Pulp- . r3 „ 
Paraffin or Pitch - 7 

AnunoQia Nitrate Powder. 
Ammonia Niir.itc 80 per cent. 
Polassitim Chlorate S „ 
Nitro-Glucose -to „ 
Coat Tar - - e 



Hercules Powders. 
Nitro-Glyccrinc 

7S to 40 I 
Sugar - - 1 » 15.W 
Chlorate of 
Pol ash 



cof 



1.05 ... 



3-i4 



, 3iX)0 



Potash 2 
Carbonate of 

Magnesia laB^ „ 10.00 „ 
Carbo-DjTwmite . 
Nitio -Glycerine - 90 per cent. 
Charcoal - - 10 „ 

Giant Powder. 
Nitro- Glycerine 
Sodium Nitrate 
Rosin 
Sulphur 
Guhr ■ 

Djnaiiiite de Trauzel. 
Nitro-Olycerine - 75 parts. 
Gun-Cotion - 15 ■• 

Charcoal - - 2 „ 

Rhenish Djnainite. 
Solution of N.G. in 

Naphthalene - 7j per cent. 
Chalk, or Haritim 

Sulphate ■ ■ 2 „ 
Kiesclguhr - - 23 >■ 

Anunouia Dynamite. 
Ammonia Nilralc 7S parts. 

Paraffin - - 4 „ 

Charcoal ■ - 3 « 

Nilro-Glycerine - 18 „ 
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Blasting Gdatioe. 
Niiro-Glycerine - 93 per ci 
Nitro-Cotton ^to 7 „ 

Gelatine Dynamite. 

NUro- Glycerine - 71 pern 
Nitro- Cotton 6 „ 

Wood-Pulp- . 5 „ 

Potassium Nitrate iS „ 

Gelignite. 

Niiro-Glyccrint 60 to 61 p 
Nitro-Colion ■ 4 ., 5 
Wood-I'ulp - 9 „ 7 

Nitrate 27 



Nitro-Glycerine - 49 per cent. 

Nitro-Cotion ■ i.o „ 

Sulphur - - 1.5 „ 

Tar - - - 10.0 „ 

Sodium Nitrate - 38.0 „ 

Wood-Piilp - 5 „ 
(The N..G.,&c., varies,) 

Cordite. 
Nilro-Glycgrine - 58 per cent. 
Nilro-Coilon - 37 „ 
Vaseline - - 5 ,1 

Tonite No. I, 
Gun-Cotton ■ 50 per cent. 

ISarium Nitrate - 50 „ 

Tonite No. 3. 
Contains Charcoal also. 

Tonite No. 3. 
Gun-CoHon - 18 lo 20 p. ct. 
Ba(NO0, - -73 „ 67 „ 
Di-nitro- Benzol - 10 „ 13 „ 



Nitro-Glycerine - 

Nitro- Benzene 

KNO, 

Ba(NO,), - 
Cellulose ■ 
Cane Sugar- 



0.36 



Roburite. 

Ammonium Nitrate 86 p. 
Chloro-di-nitro- Benzol 14 

FaversluuD Powdor. 

Ammonium Nitrate 85 p, 
Di-nitro- Benzol - 10 
Trench's Flam e- ex - 
linguishin}; Com- 
pound - - 5 

Favierite Ho. i. 



Pavierite No. 3. 
Na 1 Powder - 90 
Ajiunon. Chloride 10 



Mcta-di-nilro- Benzole 

Petroracteur. 
Nitro- Benzene - 1 

Chlorate of I'oiasli C 
Nitrate of Potash 3 

Sulphide of Antimony 
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Mixtures 
Mela-di-nitro-Kcnzol 26 p. ci 

N itiatc of Ammonia 74 „ 

Rack- a Rock. 



Chlor 



79 t 



Oxonite. 
cAcid(sp.Kr. 1.5) s 
c Acid - 



Emmensite. 
Emmens Acid 
Ammoaiiim Niirate 
Picric Acid - 



Ammonium I'icra 
; of J'olash 



loUe'a Torpedo Powders. 
ium I'icMie 55t0 5o[>.ci. 
s of rni;ish 4j „ 50 „ 
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■ritlea tv SOHUiiL HuGHis. C.E. Re-wtitua and enlarged by Wkuui 
RtcllAKD). C.K. Eiehtfa Bditioo. wJUi ImparUDt addilinnt. v. 6d.l 

113. PIOAEER ENGINEERIAG. A Treatise on iheEngineennj 
(^wrationicoroeclpd wilb the Settlement^ of WattaLaBdi i- " — " 



tiint. Bv Edward DonsoH, A»<><:. tnit. C.K. 11. 6d.1 
■ifc. MATERIALS AND CONSTRUCTION; A Theorclioal and 

^ndicalTrntiHOfltbe Strain*, Drxinninf.and Erection of Warkt of Cm- 
■tmction. By Fiuscia Cahpih, C.E.' Setond Edition, nvited. ]i4 
aig. CIFIL ENGINEERING. By Hbnrv Law, M.InsL C.K. 
iDclndinc Hvdkaulic Ki<eiiia»tNa \>j Gso. R. Bukrku., M.IbR. CK. 
Sennitb Edition, revited, witb lui^ additiou by D. KjmaAii Clau, 
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MECHANICAL ENGINEERING, ETC. 

:ither Machin 

^^ . lllusKited. 

^^ THE STEAM BNGJNE. By Dr. LiHDNEK. ILiistraled. la. 6d. 
S9. STEAM BOILERS: their Conatnietion and MamigeiDCTlt. Bj 

R. AiLKsiHona. C.E. 'IlluJUaled. ii. 6d. 
81. TUB POSVER OP WATER . a applied lo drive Flour MilU, 

«.dtojri.EmDlionU>Tarbin« kc. B» Jos.fh Glvnh, F.H.S. H.t 

98. PRACTICAL MECHANISM, the Elements of; and Machine 

Teoli. BfT. Bakhr, C.B. Wilh Addilioni br J. Nuhttu, C.B. h. 6d.l 

139. THE STEAM ENGINE, a Trealise on the Mathematical Tbeon 

1G4. MODERN WORA'SIIOP PRACTICE, a* ippnedMSi.f,»mku. 

, Bnci. BrideH, Sbip-building.fti:. By J. G. WiKTOH. !4ew EdilioD. u, 6d.l 

165: IRON AND HEAT, eiiubitiiig the Piiaciplei concerned m the 

ConitiDction of ItoD Honu, PiLlin, and Ginbn. By J. Aniniitl. u. edj 

166. POWER IN MOTION: Hoise-Powei, Toothed- Wheel Gearing, 

Long uid Shan DriviDEBandi, and AiUDluKaicu. BrJ. Arkoui. im 
171. THE fVORKMAN-S MANCJAL OF ENGINEERING 
DRAWING. B.J.Mahtds. 7tli Edn. WilhyPlaUajndiJoCuu. ji.Sd.t 
190. STEAM AND THE STEAM ENGINE, Slaliouary and 

" " ' "-wnLi.indD.K.Ci.Aiut.C.E. ji.ed.J 

bustioo and Economy. By C. W, WlLLIAbfS. 
niia Kccetii rraccicEia ItaeCambaitloD sod Ecooomycif Fuel— Coal, Culu, 
Wood, Peal, PFtcolenm, Br.— bv D. K. Clabk, M.[.C.E. ii.U.I 

MM. LOCOMOTIVE ENGINES. By G. D. DKMFSHy, C.E. ; with 

lane aOiUtioai b; D. Kinhbak Clark, M.I.C.E. ji.t 
lit. THE BOILERMAKER'S ASSISTANl in Drawing, Tern- 

Dialing, and CilculaIiog_Bo[lnr and Tank Work. B, JoHS CouaisaV, 

PiaclicalBnlerUakci.^ditedbr D.K.Clark. C.B. 100 IllnitratiDni. 11. 

■ 17, SEWING MACHINERY: Its Contraction, Hbtory, ic. with 

fnll Technical DirecEioni far Adjuitini.ftc. Hy J.W. UnQL'HAai.C.E. 11. 1 

M3. MECHANICAL ENGINEERING. CoinprisiDE Metallurgj-, 

Mauldisg. Caitini;, Focging. Tooli, Workgbop Machlneij, Manuficlure al 

the Slsam Engine, tic. By Frahcii Cahpih, C.G. ThicdEdiUan. ». «d.l 

136. DETAILS OP MACHINERY. Compriang Initnicdoiu fot 

tbrEuKulioaoffariausWarkiinlroD. By Francis CAHriH, C.E. ji.t 

137. THE SMITHY AND FORGE; including the Faniei'a Art and 

Coach SmitbinE. By W.J. E. Chan*, llluitraud. u.«d.I 
*38. THE SHEET-METAL WORKER'S GUIDE; a Practical Hand- 
book rac IlDSinUhi, CDppcnmithi.ZliicwariKin, Ac. WItb 44 Oiagranu and 
Workine Paltetni. B/W. J. E. Crahr. Third EdllioD, mnsed. i>. id. 
Kt. STEAM AND MACHINERY MANAGEMENT: wiih Hinti 

on Conilruction and Selection. By M. Powis Bali. M.IJd B. n.6d.t 

tu. THE BOILERMAKER'S READY-RECKONER. By T. 

CouRT?<ir. Edited by D. K. Clark, C.E. u. 

RscKOKUHANDAssisrAMT." I3y J. CouBTHxr and D. K. CukK. 7R- 
ass. iOCOMOTIYE ENGINE-DRIVING. A Praciica] Maniud for 
EDgineen in chaise of Ijxomlim Engioci. By Mtcuail Kkvuouji, 'O.SJt, 
Ninth Edition, ja.ed., limp j 4>'M.clo(b board). 
«56. STATIONARY ENGINE.DRIVING. A Praclical Manual fcr 
Rngineert iochugeofStationaiT Enpnei. By MicUAil KavHOLD), M.&B. 
Faonb Edition. <i. 6d. limp; 41. 6d. clolh boudi. 
■60. IROH BRIDGES OF MODERATE SPAN: tbchr Conitroo 

tion and Erection. By HAUtiTOH W. Pa.un.ii. C.li. u. 

tg- Tilt ) iijicala IMal Ikist mil. mitjr ir kmi tlrangly l«mitd al &d. intra. 
7, STATIONSRS' HALL COURT, LUDCATK HILL, B.C. 
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MINING, METALLURGY, ETC. 

4, iilNERALOGY, Rudimenls of; a concise View of ihe GenenI 

Prepertiei ■>( Minenli. B; A. Ramut. F.G.5.. FJi..G.S., be. Foiuth 

EdicioD. nviiod and coluTcd. UIuiDiIed. i/t. «d.I 
■ IT. SUBTERRANEOUS SURVEYING,-mH\i >nd withocl the Mu- 

nsCicNeedlB. By T. FiNwicit andT. Bakih, C.E. IllaiDUed. u, M-t 
US. BLECTRO-METALLURGV : PmeticBUy Treated. B» Alkx- 

jMDH WAn. Trnth Edition, enlirgcd, with additiODil lLIuiUiliei».u<I 

IT*. MINING TOOLS, Manual of. For the U>e of Mine ManagecB, 
AnnU, Sludcnti, Kc. Hr WiuiAo HoocAHi. n. 6d. 
I71*. UiNING TOOLS, ATLAS o\ EngTavings to lllustrale the above, 

176. METALLURGY OF iRON. Contgining Hist oiy of lion Mann- 
future. Method! of Anay. ud An^jin of Iron Om, Pn>c»H< of Mono- 
futnrrr at IioD and SUef, &c.. Kj H. Hauhhak. F.Q.S. SbA Edition, 
Uri^d. - - 



iqc. 7IfS iUNERAL SURVEYOR AND VALUER'S COM- 

PLETB GUIDE. Br W.LirrriBN, M.E. Thiid Ediljon, ipclodmE Mac- 

(■4. SLATE ASD'sL^¥'QUARRY}NG^%ainVAi:,^nc6oi^, uid 

CcaiDinrriAl. By D. C. Davus, F.G.S., MinlDR Enginerr, Sc. ji.T 
164. -4 FIRST BOOK OF MINING AND QUARRYING, witiiQiK 

St\raca coDn«[«! thrii-' Wt, (ot FrirDaiy Scbooli and Self Inilructiin. B* 
J. K. CotUHS, F.G.S. Sscond Editian, witb idditiani. 19, 6d. 



17, ARCHITECIURE— STYLES— The History and Description ol 

lbs SlyiM of Architpcluro of Variouj CooBtriei. ftom tie EorlieM Ici thi 
PmEut Pariod. By T. Talbot Buit, FJt.I.H.A..:<[c. IlluitiAted. ■■. 
V Ohdhih amb S-nrtn. Of ARcmncrEm, in Out Vi!-, v M- 

18. ARCHITECTURE—DESIGN— Tbe Principles of Desien In 

AnliiliH:liiiTi, u dednciblB Iroin Natare and eianptiJcd in the Worb of tb* 

GrHkoDdGoIhicAtcbilKU. DyE.L.GAinn.Aichilccl. Il]u»nt«l.i>.M. 

V Tilt Mm fnetdint Worla. m Ottt /laniiumi Vol., kaif iuinai. tnU'lltd 

"MnniKTi Anc]]iiicitraa,"/pn:f 6f/. 

12. THE ART OF BUILDING, Rudiments ol. General Principlei 

of Coutruction, Malcriali nied in Building, Strengtli and Use ol Miteruli, 

tl. MASONRY AND STONECUT2 ING : Rui^mtntaty Treatise 

DD tha Principlei of Maionic ProjccCiun and llmir Application la Caa- 

•tmcLion. By Edward Dobsoh, M.S.I.B.A., »c. h. £d,t 
41. COTTAGE BUILDING. By C. BsucB Allen, Architect 

Blovenlfa Edition, isvlird and rnlaT(ed. With a Chapter on Economic Cottasal 

forAUotmenta.by EdwaidE.Acuih.C^. u. 
4S. LIMES, tEMENTS, MORTARS, CONCRETES, MASTICS, 
rPtASTERING, fcc. Ey G. R. Buknell, C.B Fonrlrrnlh Edition, it ftd 
57. UNARMING AND VENTILATION. An Exposition of tbe 

General Principle aa apn1i<d to Domadc and Public BuildioEi, Minei. 

LiibthoDiea, SEipi. Ac. By C. Toulirhmi. F.R.S.. He. IlluitiaUlf. 31. 
in. ARCHES. PIERS, BUTTRESSES, A'c: Experiinental Essay* 
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wealk's rudimgntarv sekies. 
Arobltacture, Buildiag, etc., corumuid. 
116. THE ACOUSTICS OF PUBLIC BUILDINGS; or, Th« 

, Frincipliis of the Science oFSoundapplinlladiBpiirpaiciatlhe^rcliilectud 

I Buildei. BrT.Koan SnirH, U.V.I. R.A.,Arcbitecl. lllunnUiL ti. 6d. 

[ 117. ARCHITECTURAL MODELLING IN PAPER, the Art of. 

' By T. A. (UcHAKMOH. Architect. ULnilisIiid. II. 6d. 

M8. VITRUVIUS— THE ARCHITECTURE OF MARCUS 

yiTROVIt/S POLLO. In Ten Book.. TranilaKd ham the Latin bt 
JOJIPH GwiLi, F.S.A., F.R.A.S. With 23 Plate. 5.. 
IJO, GRECIAN ARCH.TECTORE, An Inquiry into the Frindples 
□f Beautr in ; with u Hiitorical View ol the Rlie ud Progteu a( the Art ta 
Greece. 1)> the Buu. DI Abirsiih. i>. 
VTktfmvtnadiKt I*m*i inOiu iLamMimu yBl., kal/ i,-mi. n/i/iid •■AsOMttt 

13a. ThE ERECTiOIv'^fW^E'lHiNG^HOUSES. lUusIrated bj 
> Penpeclire View, Plaei, EleraCiam, aed Section! of a pair of S^- 
detuhed Villai, with tin SpeciScalion, Qiuuililiei, and Bitimatei, &c. Hr 
S. B. Buootu. New Bdilion. with Plalet. ii.fid.l 

ije. QUANljIISS &• MBASURES/ENTSiD BrickUyen; idMOD3\ 
Plaitenn'.PlBiDliai'.Paiaten'.Paperbaiigen'.Gilden', Smitlu'.Carpenten' 
and loinen* Work. By A. C. huTOH, SunKTDT. Ninth Rditinn. II. «d. 

I7i. i.OCkff'OOD'S BUILDER'S PRICE BOOK FOR 1895. A 
Compnboniin. Handbook of the Lateil Fried and Diu (or Huildon, 
Aichitecti, Enfineen. and Contraclon. Ke-cannrucled, Ke-wrilten, uj 
lonlin GnUrced. Uy Fhahcis T, W. MiLLiia. A.R.l.B.A. Boo pag«. 
41.. cloth haardl. 

■St. CARPENTRY AND JOINERY— Tm Elemjwtary PRrK- 

□PLUS □> CAaPtKTHV. CbirflT compowd From the Standard Work of 
Thouas Tkidoold, C.E. With a 'HiBATISE ON JOINEKY In B. 
WyxDHAw Tabn, M.A. Fifth Edition, Reviled, ji. 6d.f 
lB»«. CARPENTRY AND JOINERY. ATLAS of 35 PUtei to 
accompany the ahore. With Deacriptiva Leiteipreu. 4to. 61. 
iSj. THE COMPLETE MEASURER ; the Measurement o( Bowd^ 

- - •■ - -.-■.-- ■-.--■ Med, Round TiDib« 

) HOKTOH. FifU 



iB;. BINTS TO Yobha ARCHITECTS. By G. WiOHTwrct 

New Edition. Ht G. H, Guiluumb. IllnitnUed. 11. «d.l 
■BS. HOUSE PAINTING, GRAINING, MARBLING, AND SIGN 

H-ie/TVA'C- wilhaCauiie of Elementary Drawlnff lor Hon»-Faiiiten,SitB- 
Wnlen, Ice., and a Collection of Uieful KeceipU. By Elus A. DaviDKUt. 
Siith Edition. With Col aured Plates. 51. cloth limp; 61. cloth boardi. 

189. THE RUDIMEN7S OF PRACTICAL BRICKLAYING. 
InSiaSecliDDi: Gsneral PHacipIa: Arch Dta wine. Cultinc, and Seltinr: 
PoiDtingi Paving. Tiling, Matttiali ; .Slating and P)aitana(: Pnciical 
Geametijr.Meoiutation. &c. ByAoAii IlAiiHaND. Eighth Sditioa. i<.6d. 

■91. PLUMBING. A Teit-Book to the Practice of (he Art or Craft of 
the Fliunhar. With ChaptEn upon Houie Drainage and VentilatiDB. SiiA 
Edition. With 360 riaitration.. By W. P. BocMAN. 3., 6d,t 

■u. THE TIMBER IMPORTER'S, TIMBER MERCHANT'S, 
ud BUILDER'S STANDARD GUIDE. By R. K. Gkahdt. ». 

t06. A BOOK ON BUILDING, Civil and EccUiiaitical, iDcludlne 
CuuiicH Khtokatioh. With the Theorv of Donei and the Gnat Pyianij 
he. By Sir EmiuNDUarKiTT, Bait.. LL.D.,Q.C^ F.R.A.S. o. 6d4 

116. THE JOINTS MADE AND USED BY BUILDERS in tbe 

ConlCrilctioB of varioui kind! of Engmeering and Architectural WoikL By 
W»vm.J.CKaisi»,Archiiect. With upwardiofieoEnpavinuon Wood. ii.J 
■iS. THE CONSTRUCTION OF ROOFS OF WOOD AND IRON. 
By E. Wtmuham Tabw. M.A.. Arcbitecl, ThJid Edition, revjjed. i. 6d. 
|y Tilt 1 indieaia that that wU. way fa kad sUimth t^-H i at M. M<nfc 
7, STATIOHIKS' HALL COURT, LUDCATE HILL, B.C. 



WEAI.SS RUDIMKNT>(RV SKKIES. _ 

Architecture, Building, etc, Awnn^fti. ~' 

■19. ELEMENTARY DECORATION: as applied to the !■»-* 
ud EiuridiDccDntisDodhmmncHouHx.ftc. BfJ. W. FuM^* — 
ISJ. PRACTICAL HOUSE DECORATION. A Guide ici tti 

(■( Oniuianal Pminlini. B> Juu W. KlclT. ».«d. 
%• Tltf te* ftttiint Worii. in Ont handtomi Vol., talf-h-MH^. hUHWSl 

DkDIUTUIH. ELMHaillAltV AMD PkACTICA L. " >ri« U- 

>]0. ^ PRACTICAL TREATISE ON HANDRAILING, Stein 
N>w ud Simple Metl.odi. By G. Coluhos. Second EdlUoB, B«k 
includliiEATiLiATinori Staikbi'ildiho. FUlea. i>.6d, ^ 

Sf7. BUILDING ESTATES : mRudimenUryTrcBHseaiitheBBfii 

r^iB M*iTUHO^irJSvot. "ai^md EdiliM.'mited. "'»."' 
148. PORTLAND CEMENT FOR USERS. By HutKV Fito 

Amoc. M. Inn. C.B. Third Edition, cameled. IllujUriled. n. 
IJl. BRICKWORK : a Practical TreatiEC, emhodyini; the G«H 

ud Higher PriDciplei dI Bricklji;iiif, Cut^ .nd ^[tinB. lie. Br> 

»J. IH&'pRACTICaT'br'u^K ANL^WjB book. CompAIlK 
tH- BoicK AKU iLi Makiho, by E. DoBSON, A.I.C.B.; PHACTICAL BwMn 
■6s. iHo. by A M hhohp; UaiCKcumHO ihd SiTino. by A. Hahhomd. f| 
_p«. itlth sfo IILutTvliDni. 6i. SlnmRly faALf-bannd. . __ 
Ki.THE TIMBER MERCHANT'S, SAW-MIILER'S, AKl. 
IMI'OKTER'S FKEIGHT-KOOK AND ASSISTANT. Bi Wd. " 

■ ui>KiK. WilhAddilitHubiM. Puwii Hali, A.UJnit.C.B. <>.■ 

158. CIRCULAR WORK IN CARPENTRY AND JOIN. 
A Pnclical TraHk an Ciicolu Work of Sinfle ud DouSl* Cn 
By G.OIIG11 Col.u^<». Serond KdWm. n. 6d. 
159. GAS FITTING^ A Practical Handbook iteating oT n^ 
DnciiplinB af Ga> LayinEand Filling. Br J. Klack. Secood Kdilioiu n-OU 
I Hi. shoring and ITS APPLICATION: A Handbook for qH 

U»o(Slu<Icnt>. By UnoRoaH.Bi^oliovK, >•. id. 
»6S- THE ART OF PRACTICAL BRICK CUlTlNG^SETTilie. 
Br Adah Uahhohii. With qo EnEiavlni-s. i(.6d. 
" »67, rjte SCIENCE OF BUILDING: An El«neniary Treatiie as 

^H_ IhePtiBiHplaofCDoitniction. - 

^^^k KdMoi, tfniied and EBlancd. 

^^B JTI. VBNTlLAiION : a Teil- 

^^H VaBtilatlBB BuildiBKB By W. P. Buchah. 

^^m at "PliiBiEW,"kc. j>.«d.t 

^^M VII. ROOF CARPENTRY : Practical 1 

^^H ■WoodRoDfs. For the Uie of Working C-, _, . 

^H 173. THE"pRACTICA^'pLASTEREfi :'^%. "ompendium t 
^^B andOrBameBtalPIiiiti-rWork. By WiLraiio Kbup. ti. 

^^k SHIPBUILDING, NAVIGATION, ETC. 

^V (t. NA VAL ARCHITECTURE. An Exposition of Ihi: EJementST 
^^ Principlei. By 1. Piak.. Fifth Edition, with Plate.. 3.. M.J 

S3», SHIPS FOR OCEAN &■ RIVER SERVICE, Elementaiy md 

Pimctlcal Principlei of the Conatiuctidnef. BrH.A.boHHaBraLDT. u.6d. 

i}«". AN ATLAS OF ENGRAVINGS 10 Illuatrate the above. Twetre 

Urge folding pUtei, Royal 410, clolh. 7S. M. 

S4. HASTING, MASI.MAKING, AND RIGGING OF SHIPS, 

• '— Tab]» of Span, Bigslng. Bloclu ; Chain, Wire, and Hemii Rc^M 
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WEALES RtJDIMBNTARV SERIKS. 

Shipbuilding, Navigation, Marine EogloeeriDg, etc., coni, 
H". IRON SHIF-BUILDINS. With Piaclical Examples and DelaiU. 

SJ. IHE sailor's' SEA BOOK: a Rudimennuy Treatise on 
NavigUion. Br JlHU Gmihwood, B>. Wilh nunuoiu Woodcnaasd 
Colound Plitei. New ud ealaiged edition. Hv W. U. Kouim. ii.«dj 

80. MARINE ENGINES At,D STEAM VESSELS. By Robket 

Murray, C.E. Eishth Edition, thorough], KeviMd, with Addition, by iba 
AnlliDr and b? GlORCl Cahuuli, C.E. 41. M. \ixav '. j>. clolh boudi. 

S3K1. THE FORMS OF SHIPS AND BOATS. By W. Blakd. 

NiDtli EdidDD, with ODDeniui ILlusimioni ud Modeli. ii. iA. 

99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 

Jind Practiee. Hy Prof. I. R. Y(.ii"o. Now BditiDO, n. 6d. 

■06. SHIPS' ANCHORS, tTi^iae tilt. By G. Cotsbll, N. A. u. 6d. 

■49. SAILS AND SAIL-MAKING. WilhDraughtiDg.and UieCeotre 

of Effort of tho Saili; Weight! Uld SilEi of Ropei: Mutinc, RirgiDi, 

udSailtofSteun Veuelt.ftc. ijtb Edition. BvK. KipriHO. nX, h t£i 

ISJ. ENGINEER'S GUIDE TO THE ROYAL &■ MERCANTILE 

NAVIES. By I PuicncAl. Knoiinni. Rented bj D. F. M'CahtH). 3«. 

-~/li NAVIGATION. Consisling of The Sailot'i 

Bt Jahis Grkrhwood uid W. U. Rossmi. Togetfaei witl 

,^ the requiiile Aithcmaliea] ud N»tica1 Tabid fo[ the WockinE ol Ih> 

"*■ ProMiMni. By H.I.iw, <• K.. •ndProf. j. R. Yo™o. ji. Hulf-lotrnd. 

AGRICULTURE, GARDENING, ETC. 
1,\:A COMPLETE READY RECKONER FOR THE ADMBA. 

SURBMENr OF LANH, lie. By A. Abhin. Foarth Edition, reviled 
and eitended hy C. NoKiu, 5iirve>-or. Valuer, ftc. a. 
131. MILLER'S. CORN MERCHANT'S. AND FARMER'S 
READY RECKONER. Second Edition, with a Price Ijil of Modets 
Floor-Mill HUrhiafiy, by W. 5. Hditon, C.E. 11. 

140. SOILS. MANURES, AND CROPS. (Vol. i. OtmjNBS OF 

MoDHtH Fahhinq.) By R. Scott Burh. WoodcuU. i>. 

141. FARMING &• FARMING ECONOMY, Notes, Hlslwical and 

Practical, on. |Vol...OtiILii.KiQ»MonBimFAiuii«o.l ByR.ScoTTBi" 11. 
t^. STOCK; CATTLE. SHEEP, AND HORSES. (V. j. 

Odii.ih» or MODIBN FAKHma-i By R. Scott TtusH. 'Woodcnlt. ... id. 
14s. DAIRY, FIGS, AND POULTRY, Management of the. By 

R. Scon BoitN. (Vol. 4. OttTLWU or Modern Farhiho.) h. 
146. UTILIZATION OF SEWAGE, IRRIGATION, AND 

RFXLAMATION OF WASTE LAND. |Val. ;. Outuhm at MoDRiin 

Farhiho.) By R. Scott BiiaH. Wnodcoli. tt.6A. 
V Nh. 140-1.9 s a •- Ox l'^.. *a~Ii<imily *a//-t^iul, tntaUJ ■■ Ovtuiima 01 
MoDiiur FAUma." By RoBHi Scorr Hurh. /-no, lu. 
177. FRUIT TREES, The Scientific and Profitable Culture of. From 

■98. SHEEP; THE HISTORY, STRUCTURE. ECONOMY. AND 
DISEASES OF. By W. C. Sk»nhr, M.R.V.C^ ftc. Fifth Editioa, 
enlari^ed, including Specimeni ot New and Imiiroved Breeds, ji. &l.t 

MI. KITCHEN GARDENING MADE EASY. By Gborok M, P. 

GunHy. niuitrated. ii. 6J.I 

»07. OUTLINES OF FARM MANAGEMENT, and thi Or^mU 



m of Fatn Labotir, ByR,! 

■LINES "" ^ 



K>B. OUTLINES OF LANDED ESTATES MANAGEMENT. 

~ly R. Scon BiTRK. a.6d. 



U* JVn. lOj^Kitm One Val.. haid«<mrly MalJ-imid. c 
Lawdhii l',.r*i>.ii ABO Faxm Ma»ac«ii»-i." By R. Scffi 



BuiH. Prict 6*. 



p- Tht I inAt^tn that thrsi tvls. may it luid tinngly temt *t ti. txfa. 
7, stationers' hall COURT, LtmcATE HILL, E.C. 
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V wcale's ruoimentarv sekiis. 

Agriculture, Gardening, etc., continueJ. 
KM, -J HE TREE PLANTER AND PLAN! PR0PAGA70R. 
A Prartici! Manml on Iha Propii«atioo of Fore.! Tim. Fmit TIom. 
FlDwerini Shmba, FltnnnDS PUnU. &c. By Sahuil Wood. h. 
•to THE TREE PRLNER. A Practical Manual on the PruniDg ol 
ofShruh.l^i^Uril'anj'Flowwingininn. B7 SiKu.twoo" it.M.""* 
^• ;Vji. tag b- txi n Om Vol., luuttammir ktl/-bmd. tmMUi "Th* Tub 
l>umr>, P(OF:ii<>Toii, AMD PnuHiii." BfSAKUBL Wood. fVufjj. 6d. 
■l>. r/M //.^ K AND STRA W MEASURER : Beine New T»bU« 
(ar Uie U» oF Aiiction«rm, Vitncn, Firmen, H>y ind Stno Deilcn. «e. 

BrJOHNSTIKLI. Fifth EdiliOD. 11. 

IJi. SUBURBAN PARAf/NG. The Laying-out »nd Cultivation ot 

Fttmu, iiIapHid tQ (bo PrDduca at Milk. Builer, and Cbeoe, Eggg, PoiiltCT 

Md Pijt. Ky Prot John DuHitDsoN ^nd R. Scort Bum. 3., sd.l 
131- THE ART OF GRAFTING AND BUDDING. BvChaelm 

IUliit. With 111 ui»aliDii>. u.M.l 
Ijj COTTAGE GARDENING: or, Flowcra. FruiW, ai.d VegeUbIa 

for.SnillliiideDt. By E. HonnAV. ilM. 
133 GARDEN RECEIPTS, Edited by Charles W. Qum. ii.6d. 
134. MARKET AND KITCHEN GARDENING. ByC.W.SuAW, 

Ute Edilur of " Giideuini Illuicnlcd." ji.I 
l]'< DRAINING AND EMBANKING. A Praclical Treatise, em- 

bodyiua the molt teoeiiteiperieiif;s in lbs ABpllcilion of Improved Madudt. 

By John Scon, Ute Pmreuor of Acricultuic nnd Kunl ^cooDoy at Oa 

Rorai AgTicultun,! Collafs, CiKnmteT. With fiB llloitratiani. lb 6d. 

140. IRRIGATION AND WATER SUPPLY. ATrealiseon W»t« 

MMdowt, Smnge InieatLon. «nd Waipiog; the Con.tniclioo of Welb, 
Poadl.and Reurroin. tic, Rr Prof. JoHNi^coIT. Wilh 14 lllni. II. M. 

141. FARM ROADS, FENCES, AND GATES. A Practictl 

TnitiM on llie Koidi. Tnoiwayi. and Waterwan of the Pano: the 

PriDcipIci of Enclmurei; and Ihe difffrcnl kindi at Fcncei, Gato, mA 
Slilo. By PiofoHic John Scott. With 7s Illiin»lio<;>. i>.£d. 
141. FARM BUILDINGS. A Pmclicil Treatise on (he l)ui]djii£i 



•43, BARN IMPLEMENTS AND MACHINES. 

Tteati«e on tlie Application of Power to the OpnalLonBof Agncuinm: ana 
on vaiiouiMacfaJDeiuiedLntlwThruhine-barn, intbeSla<:k-yaid,aadailb* 
Daii7, »c. By Prof. J. Scort. Wilh 1.3 Illa.tration.. u. 

■44. FIELD IMPLEMENTS AND MACHINES. A Practie»I 
Troatim on the Variotiea nnn in me, with PrincLplei and Uetaili of Coa- 
itruclion, tlieir Point* of Eicellence, and MaDaceDem, By Piafeatu Joim 
ScoiT. WithijSIIIuitiiliaDi. ». 

145. AGRICULTURAL SURVEilNG. A Piaclical Trealiie on 
Land Surrflvine. Levallinff, aod Settiq^-oul : aad on Meamtiag- and Siti- 
mating QuaoliUM, WeiehB, and Valu.,. of Maleriali, Produce, Slock, k. 
By Prof.JoHH Scott. With e> BluitraUoni. u. 6d. 

T«t.RookopFai.-Ei.o.»k«ij.o." By Pmfeunr yoHN Scoir. PhcetaT^ 
tSa. MEA T PRODUCTION. A Manual for Producer!, Distnbnton, 

«LC. By JOBM Ewa»t. u. 6d.t 
*66. BOOK-KEEPING FOR FARMERS^- ESTA TE OWNEttS. 



L 



By I. M. WooDHAH, Cbartend Accnuntant. ii, ed. cloth 
clolti boaida. 


Imp; ]L ad. 
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MATHEMATICS, ARITHMETIC, ETC. 

Jl. MATHEMATICAL INSTRUMENTS, a. Tieatiae on; Their 

" ■ ■ ■■ »tine, Md Dm conciMly HipUined. Br J. F. 

h EaibM. m^icd^wilh mJditiani, bv A. T. 



■a Snrvejoiii' Io*( 



I or^tring /At ahove. 6t 



)■], to Aj/H. 



it fivm tin Enlartal Edilit 

lb. DESCRIPTIVE GEOMETRY, an Elementary Treatise od ; 
vtiih a Theory of Sbadain inil of FsripecliiE, sin^cUd kaa lbs Fnach oj 

=f'l«mMriciilPmj«liMi. jTyj^FrHBliiHii^M.A. "wi'&T4'pi»tM. ».' 

178. PRACTICAL PLANE GEOMETRY : giving the Simplest 

Undo of ConiDunmc Figitm ronUln.^ in on* PUdb ind G»n>elti«l Con- 
■tnicligci of Ibe Gnatid. By |. F. Huthii. MA. Wilb >is WoodcDM. h. 

83. COMSfERvIAL BOOK-KEEPING. With Commerdal Phraie* 

■nd Fonni in En(1»1i, Frcncb, lUliin, anil G«tnaB. By Jahii BaDDOM. 
M.A., Arilbmetical M»Mr of KiD('> CallEfa Sebaal. Landoii. ii. fid. 

84. ARITHMETIC, a Kudimentary Treatise on : with full Eiplana- 

■ioni ut [u TlteiirBtlcal PrincipLn, ud nuiBBreua BumplMfoi Pnctica. B; 

t4*. A Kl* to tbe above, coDUi Ding SolDtioni In full to tbs Eisiciist, tDnthM 
nth Comnicnti, Kaplanatigni, and InproTHl PrpcBHca, fur tha Die et 
Teacbin and Dnaniilcd Leunen. B7J.K. Youho. ii. 6d. 
Sj. £C£/^770AU£.rfA/r^iU'£77c:,BppUedlaQues(ioniolIn[erMt, 



. Haddon, MJL 

ou, and ■ ColIectioB 



.JM, Li(o A 

which all Calculation! 

Va. ALGEBRA, the Elements of. 

of Problem. io'lrSoiu'pjru'of AluS™ 

ID*. A Kbv and COHMWIOJ. to the abovB Bool 

Soind EiamplPi and Prnliletni ia III, 

neceuarr in Alfcbraical OpuatioTK. H 

88. EUCLID. The 

89, and EipIanitoiT 
Lope. ByHarfiT l.aw, ^.c- aa- na.i 

•,• S^ld alu utaraUl,, v%%. .— 
M. KUCUD. The Pint ThreoBooki. Br HiHRT Law. C.E. ti.6d. 
I9. BucUD.Boolut.i, 6.(1.11. By Hixai Law, C.B. ii. 6cl. 
t/a. ANALYiICAL GEOMETRY AND CONIC SECTIONS 

Bj Jahu Hanh. a New Edtlion, br Prufeuui J. R. Youho. ii.t 
ai. PLANS TR/GONOMETR Y. the Elements of. By TAln« 

Hank, foimerlr Matlicmaticil Mulu of Klng'i Cullexe. London. t>. «d. 
OJ. SPHERICAL TRIGONOMETR Y, the Elements of. By JAMM 

Hahn. R<m«id by Chahlis H. Dowuko, C.E. i>. 
V Ormlk" llu Eitmnh •>! Plant TrigmtmnTy;' in Out Vi,h.mm,tM.^. 
93. MENSURATION AND MEASURING. With the Meosimitioo 

and LerolUnr of Land fur the Puipaket ol Modem EnaineBrinr. Bv T. 

Bakir, C.E. NewEditioaby E. NlTOiHT. C.E. lUuiUatid. 11. 6d. 
101. DIFFERENCIAL CALCULUS, Eiemeati of Iht. By W. S. B. 

WooLKOU5>, F.R.A.S., »c. n. M, 
lot. INTEGRAL CALCULUS, Radimentarv Treatise 00 the. B* 

HoHaAsHAU Cai, R.A. Illuitrated. 11. 
13b. ARITHMETIC, Rudimentaiy, for the Use of Schools and S«I1- 



IJ7. A KL»v TO Hadoo 



taiy, for the Use 1 

IN, U.A. RrrrCaedb, 



i> ^ Miui t/rattgJjr #pifW «t 6d, txiwm. 
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7, STATIOMfiRs' HALL COURT, LQDCATB BILL, I.C. 



lO WKALl'S RUDIMENTARY SERIES. 

Uathematlca, Arltbmetic, otc, coniinuui. 
168. DRAWING AND MEASURING [NSTRhMENTS. 

\mZ"\- ioitruiomU fliuilaimJ in GcDmetnc^ mnd Mechvucal Hi ■■■■. 

Mid in Uh> CauUBCtiDO. Ceding, ud M -' " ' ■■— 

IL lEuCnuncDti lued for Ihn PtuVOnst d 

Ariibmeik*! ConpaUtioM. Bt J. F. Hi ._ 

i6g. OPTICAL /NSTRVMEATS. Induding (more espedally) Tde- 

■copn. Micnui:apei, mod Appuxdu fbr pcodiiciBC ««« nfHaa* mhI FhM 
In l>hntugnpbr. Bt J. F. HitTHBii. U.A. Illiwtn(«l. ».id. 
170. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 
lorludlni-— 1. IniCrunianU Uwd fdr DcUmiDinc Ibe G«DOieIricaI F« ' ' 
of ■ DDnionoE Ground. 11. Tnitnuamti Hmplona In ArtronoaicKJObi 
lioni. HrJ. P, HutHU. M,A. lilnitntod. 11. 6d. 
•*• Tkt o^mf Ikm tvlumfi forttt BK tniArgmtMni of tin Aailk^t ov ig n ai 
•• Ualhrmatnal iHiliumtnh." [^t JVr. II In tin Sirin.) 

xa.\ MATHEMATICAL INSTRUMENTS, By J. F. HkATHO, 
■'- ^ Mjt. Bnlute<]Edj»(ra.t«tbeDD«pan«lii«lyre-wT7nai. TbajPun. 

, ^ JmUtiousli 

annuxpind npi^n nnd nccurin. Br Chaiilis Hoau, CB. ' ' 

Rdllion. With • Slide Rule in tuck of covsr. u.&t,t 

196. THEORY OF COMPOUND INTEREST AND ANNUI- 
TIES; witb Tabia of LocuHthmi fni tbr nmrv DiSculI Coopautlaw at 
lBlanat,DiKooDl,Anauitie(, ftc. Bv Ftuuit Tkouan. Fourth Kdiiioa. 4a4 

199. ra^ COMPE^DIOUS CALCULA tor ,- or. Eisy ud CoDciM 
Melbodi of Pmonninr lbs nrioni AritbiDetieal OpentioDi tequind il 
CommeRial and ButiacHTrBDUEtionsrtDgetheF wilb L'lehil TiUei. Qr 
r>. O GomAH. TmnCy-ioTimtb Bdition, caisfull* teiiied t)i C. KoBV*. 
i>. M„ dotb limp; ji.«d.. nninElr balt-bouDd io Uither. 

•04, MA'jHEMA7/CAL'tABLES,itaTng0Tiaiatiiii:si,/MmatimicMl, ^ 
ud Naotical Cnlculatiiina ; to lAicb ia prc&ed ■ Tnatiis db LoguTlbnu. 
B; Humv I.AW. C.E. TocMlier iritb ■ SerieiaC Tmb\rt l6rNan(itioa 
■Bd NiDtiol Aitranflnif . Br Prof. J. R. VouHS. New Edilion. 4.. 
■04". LOGARnUMS. With MathemBtical Tables for TriKonornetrical, 
AilinDoinii;al,>DdNaDtic>1CilcuUtioiu. ByHiHRY t>W.M,ln>I.CJ:. Nm 
■itdReriHid Edition. IFongingputorituiAbam Work). i>. 

Ml. MEASURES, WEIGHTS, AND MONEYS OF ALL NA- 
TIONS, uid u Anjiljlil of Ibn Chriililin, Hnbcsw and MnhomrUB C^ea- 
dan. BiW.S. B.W00(II0Dg.,F.R.A.SuF.S,S. Sevrntli Edition, u.6d.t 

M». MATHEMATICS AS APPLIED TO THE CONSTRUC- 

TtVBARTS. IlluHr«tiogUlBi»riou.prote»Mof Uathrm.ticil InToBl- 
fmion. br mcini of An(bni«i»1 Md Simple Alcehtlicil Equationi ud 
fr»cfic»l Eimniple.. Bv FRiKirn L-AUPI-J. fc.E. Third Edition, j,,! 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 
t. CHEMISTR V. By Pnifesaor Georgr Fownks, F.R.S. With 

in Appendim on the Applicaljoe of Chemiilrr lo A(!iieuUnre, il, 

1. NATURAL PHILOSOPHY, InUoduction la he s.udy of. By 

C. TOHIINSOH. WoodcoU. 11- W. _ 

b. MECHANICS, RuiIimenUry Treatise on. By Charlrs Tom- 

J. ELECTRICITY; showing the General Principles of Elecbic*! 
Science, and the nurpoM lo Hhicb It hu been applied. Br Sir W. Snow 
Hariis, F.K.S.. &e. Witb AdditioDi br R- Sabihh, C.E., F£.A.*lii. M. 
7». GALVANISM. By Sir W. Snow Habus. New EdilioQ by 
RpSB^TSABiHs, C.B.,F.S.A. ii>.6d, 
8. MAGNETISM; b«ng a concise Eiposition of Ihe G^ural Ptin- 
c!p]ei of llunietical StTencB. By Sir W. Snow HAaati. New Edidoa, 
reriMdbyHTM.Ncian. Ph.D. With 16; Weodcnti . !■■ tj.l 

>c;kwood and son. 



niyslcal Science, Natural PhlloBophy, etc., continue. 
• I. TJ/E ELECTRIC TELEGRAPH ; its Histoij and Progreu; 

intfaDrtrTipliDiuDfiainCDftbsApparaliii. Ry R. SuilHII, C.E., F.S.A. ]■. 

I*. PNEUMA TJCS, induding Acoustics and (he Phenomena of Wind 

Cuimu. fnr tba 17k of Becmnsn By Cuablh Tdhlihwh. F.R.S. 

Founh Edition, enlaiged. Illuitntol. u. Sd. 
7J. MANUAL OF THE AtOLLUSCA ,- a Treatiae on Recent and 

F««l Shilli. Bt Dr. S. P. WoanwARD, A.L.S. Foorth Edition. WUh 

Plain and ]« WiMjdciiti. ;i. 6d., duth. 
96, ASTRONOMY. By the late Rev. Robert Main, M.A. Third 

Bdilim.by WiLUAH TiivHrii Ltwn, BA., F.R.A.S. a. 
9J. STATICS AND DYNAMICS, the Principles and Practice of; 

^tral^Diili!']jVT-B*«i.^'c.E."Founh°EdiiiDn. t^.M.*^™'"' 

173. PHYSICAL GEOLOGY, partlv based on Major-General PokT- 

U>CIl's"Kiidiniei;UDrGciilogT.'' By RjIJjbTATB. A,L,.S..fti:. WDadcatl, u. 

174. HISTORICAL GEOLOGY, partly based on Majoi-General 

Poiiiu>CK'>"KudincBU." By Ralph Taii, A.L.S.,fci?. WDodcoU. a.td. 
I7J RUDIMENTARY TREATISE ON GEOLOGY, Physical and 
k HiiUrical. Partly bund on MaJoi-GeMra] PaariocK's " RiuUmniti dI 
174. GwtafT." By Ralph Tatk, A.L.S,, E.G.K.. Sc. In OncValuiiiB, 11. «d.t 
183 ANIMAL PHYSICS. Handbook of. By Dr. L^akdnkk, D.C.L., 

& {annerly Protuior of NaEoral Philoiopliy ud AitroDomT in Univenltl 
.B, Ca1l<>Ee, Lend. Witfa 5» IlluiciatioDt. In Doc Vol. ;i. bd.. doth boanli, 
*^" •.• Stid also in Imt Parlt, « /a/imu .— 

1I3. Ahihal Physics. Hy Dr. LAiDHia. Part I., Chaplen I.— VII. a. 
m. Ahihal PiiYiica. By Dr. LAUmn. Part II., Chaptsn VIII.— XVin. jl 
■69. LIGHT; ati Introduction to the Science of Optic, for the Use of 
Sludeou oE Anrhitccluie. Fngioeerisc, and other Applied Scieocel. By E. 
^. WtndhauTasn. M.A. n.Si. 



Adapted to Yoimg 

40 GLASS STAINING, AND THE ART OP PAINTING ON 
GLASS. Vtoa tb« Gcmiiii of Dr. GasstAT and Ehakvil Utto Fauu- 
Ba»o. Wiih'i. Appcndii onTHaAaioaEHAuEUjiia. » ud, 

69. MUSIC, A Rndimentary and Practical Treatise on. With 

71. PIANOFORTE, The Art of Playing "^the. With numerous Eiet- 

cilnl.[.a>c>nifioi><thHBi!»Hjulor>. By Chailis Cnn.D .'^HNCaa. »,6d. 

b9.^^. MUSIC Is- THE PIANOFORTE. In one vol. Hall bonnd, Ja. 

tBi. PAINTING POPULARLY EXPLAINED, including Fiesco, 

Oil, IJouic, Watrr Colour, Water-Glasi, TcmHm, Encauitic, Miniatan, 

PaintlDg ol Ivorv, Vsllum, PotlerT, >!:Dami!l. Glui. ac. With Hinorinl 

SltBtdsa of [hs PrOKTUi of lbs Art by Thohai Jouh GuLucit, auinsd by 

JOUH TiMBS, F.S.A, .Slith Edition, nrlied and en)arnid. %\.% 
GRAMMAR OF COLOURING, applied tc Decorative 
Paialine and ths Arti. By Gidrgb Fiild. Nn Edition, nnlarged and 
adaptiid to tbe Uie of [bsOniunontal Painter and DtnignH. By EuJsA. 
Davidsoh. Witb raanmColoursd Diacrami, Ac. ]>.I 
146, A DICTIONARY OP PAINTEFS, AND HANnaOOK FOR 
PICTURE AMATEURS : includinK Mctbodi of Painting. C ■ jBing. Rs- 
llaJDE and Reitorina, Scbooli of Painting, tte. Willi Notei on loo CopyiHa 

Wf Tlu t in^Kalr, thai Ika, mU. mar ft kiul ihimtly twHdalhd. atra. 
;, STATIONXRS' HALL COURT, LODGATB HILL, B.c; 
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• wxale's rudimkntaky skrics. 

INDUSTRIAL AND USEFUL ARTS. 

a\. BRICKS AND TILES, Kudimenlao' Tieatise on lie MuiDfw- 

tunof. By E. DouOK. M.K.I-H.A. IlIunrUHl.ji.i 

6r. CLOCKS, WATCHES, AND BELLS, ■ RBdimenUry Treklin 

on. BrSirKDiii'HDl{tCNirrt,LLD.,Q.C. SsvcnEh Edition. miHd ud ««■ 

Ixrred. 41. 6d- LiiDp : \^- 6d. cloth bQuja. 

«3«*. CONST RUCi ION OF DOOR LOCKS. Compaed from the 

PipuiofA. C. Hon u, rnnd Edited bf CHmLH ToHunsoN. F.R.S. u.ed. 

t6*. Th£ BRASS FOLNDER'S MANUAL; InstrucHooi for 

Modelting, Pittem-MaUnt MoutdiiiE, Toinini, Filing. Bumidiiiic, 

JOS- 2^'"^R'i OF LSu'TER^'pAiNTIiJG ifADE"BAS^' 

IIS. 



k 



mg MI lo- 

■ErqctiDDATDrUftAJIDTiaE AOa worKinjt d1 ?>liT«r. Dy ^BDHCI £. G». w.l 
•.• r** /«■ frrcrSmg Ifrr*., m Ont landsami y„.., *<■;/-*«.■* mlUUd "Tm 
GOLUSMITH'S <> Si LVIB SMITH'] CoHPLITI HAHnHOOK," 71. 

149. THE HALL-MARKING OF JEWELLERY PRACTICALLY 

CONS/OEKSD. ByGnokOi E. G». jj.I 
Mi. COACH BUILDING. A Piactical Ttealise, Hisloriral and 

Dwniplin. Ht J. W. DinEOiu. ii. ed.l 

»3S' PRACTICAL ORGAN BUILDING. By W. E, Dickson. 

lil.A..PnK*nU>ro{SljCatbediiil, lIlulTiIed. n. id.I 
161. 7W£ ART OF BOOT AND SHOBMAKING. Byloai* 

HiDPO>D LiiKi. NuiDCTODM niuitrilioni. Thhd Bdllioa. a. 
j6J, MECHANICAL DENTISTRY : A Practical Treatise on the 

CoDttmctioD of lb« Vtriou Kindi of Artificial l>ei>iuiM. with VflnBnbs, 
T>b1«. Keceipti. ftc. BvCHAimsHuimi*. Thlid Fdilion. ilI 
«70. WOOD ENGRAVING : A Practical pn.l Ea.v Imroduction to 
Idr Slud/ of llio A.t. ByW. N. Buowy, ij.oJ, 

MISCELLANEOUS VOLUMES. 
16. A DICTIONARY OF TERMS usid in ARCHITEC7URB, 
BUILDiNG,BNGINEBRIhG, MINING, MBTALLURGV.ARCHM- 
OLOGl. 1*1 FINE ARTS, &-C. Bt Johh Wiali. Siith Kditios. RniMd 
br ROBUT HUKT, F.K.S. llliulnled. Ji. limp; 6s. doth boudl. 

SO. LABOUR CONTRACTS. A PopiJar Handbook on the Law of 

ITiby-f. 1*11 
C MEDtC. 
B Jl., ii.Tl. A Funltv Guids In all CaKH d( Accideot ud Ebuccdct u- 
III*. MANAGEMENT OF HEALTH. A Manual dI Home and 
Fononul Hyjdeoe. By thx Kot. Ja») Baiio. H.A. ii. 
■SO. LOGIC, Pure and Applied. By S. H. ICuiUNS. is. 6d. 
tSJ. SELECTIONS FROM LOCKE'S ESSAYS ON THB 
IIUhlAl^ Ul^DERSTAND.SG. With NoM bl S. H, Emiim. nod. 
ISA. GENERAL HINTS TO EMIGRANTS, is. 
tn. THE EMIGRANTS GUIDE 20 NATAL. By R. Mann. !<. 
igj. HANDBOOK OF FaELD FORTIFICATION. By Major 

W. W, Knollvs, F.K.G.S. With 16) Woodculi. ...t 

, 194. THE HOUSE MANAGER: Being a Guide lo Housekeeping. 

I PraclicAl Cookery, I^cklinE asd Pmening, nouiebold Work, hair* 

Managrraent. *c. By Am Old HousaKMran. ]i. 6d.l 

194. BOUSE BOOK IJTu). Comprising :— L Thk HoUSe MakaobK. 

tll& By ID Old UousBKBipiiii. II. DoHiimc MaDicnn. Br R. Ooodiho. M.D. 

II*. ni.UAIooauaKioTH.ALTH. ByJ.BAiao. In One Vol., hMjMKHin.1,6^ 

- Tlu%-ndtcatatkaltl>ii,t^U. m ay brkadttntgh h/mt^aitA.tiftm 

LONDON : CROSBV UKKWOOD AND SON. 




WCALS'S KDUCATIONAI. AND CLASSICAL SKRtES. 

EDTTCATIOSTAL AUD CLASSICAL SERIES. 



HISTORY. 

I. England, Outlines of the History of; mo 
nlsnmce to the Oiieio and Fioitfm of iba Enzliib 
WiLUAH Douaus Hahiltoh, F.S.A., ot Hsr Majei 
OSes. 4tb EdiiioB, reriKd. jt, : cloth buidi, 69. 

J. Greece, Outlines or the History of; in connection with the 
Rim of Ihe ArU »d Cii-ili-ilion in Europe. By W. DousLAi H.u.lToi., 
of Diiicnity CallSEe. LondDn, ud Edward Leviih. M.A., of Ballioj 
Calleen. Oilard, u. 6d. ; qLoCh boud^ }i. M. 

7. Rome, OutlloeH of the History of: from the Earliest Period 
to Ibe Chriiti^n Era and the CDmmeiiceiiiciiI of the Decline of the Bmplrs. 
B)>Edw*ki> LnviBH.of BalliolCnllego, Oifotd. Map,u.«d.! cl.txli. ji.ed. 

9. Chronology of History, Art, Literature, and Progress, 



e espeeiHUy with 

Con«ituliOD. Bt 
r'l PubUc Record 



W. D. Uahi 



K, F.S.A 



ENGLISH LANGUAGE AND MISCELLANEOUS. 



II. Dtctlonary of the English Language, as Spohen BJid 

Writi™. CoDLiining above 100,000 Wordi. By Hide Clahki, D.C.L. 

II. M.I cloth boudi, ai.M. ; complctsnilhllieGiiAiiHAK. claib bdi., 5i.6d. 
4B. Composition and Punctuation, familiarly Explained Tot 

Ihoie whn huTo nKlecIed the Study ol Giamiou. By Juitin BmnAn. 

iSthEdiuon. ii.Ad. 
49. Derivative Spelliug-Book: GiviDgiheOriEinofEvery Word 

from (he Greok, Lalio, S»»oo, Getown, Teotooic. Dulcb, Fronch, Spaaiifa, 

ud other Languaieii with their pnaent AccEptalion aod ProDunqUliaB. 

By J. KowBOTHAH, F.K.A.S. Improved Edilioa. i>. U. 
SI, The Art of Extempore Speaking: Hint! for the Pulpit, the 

Senate, lod Ibo Bar. By M. Bautain. Vicar- GentiaJ and Profeuorat tba 

Sorbonne. Traotlalcd from the French. SibEdiiioo.caretullycotnclnl. u.6d. 
13. Places and Facts in Political and Physical Geography, 

fotCandidaiesmliuniioationi. By tlie Rev. Edoah Ran-d, H.A. ii. 
SI. Analytical Chemistry, Qualiiative and yimntiiative, a Count 

lu^ M "noUUoS"" By WM.W.P.KKlndGiiDiio.E. WEBitai., ... 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 
■ditodbythe R<n. A. R. Grant, Rector of Hitcham. and BoDoruy Canon ol Ely: 



LusOHs noa -ma BiBta. Parti. OldTeitwneal. 1 

LissoHi tKDH Till BiiLi. Fait n. New TeituDeni 

The GnoaxAFiiv op iHa Bible, for nrn yoont CI 

TBO.MIOI. fOMT.1.. t..«l. V O")" I "<'P''rt 

7, stationers' hall court, LUDGATK h 



WXAL£'5 KDUCATIONAL AND CLASSICAL SERIES. 

FRENCH. 
;. French Grammar. With Complete and Concise Rules oi 

GcndmolFwDcliNoimi.- Hy G. L. SinAusa, Pb.D. ii. 6d. 
1. French-English Dictionary. Comprismg a large number at 

N™ T«m. ii..rd in Bngiooeriog, Mioiae. »c. lly AUTiin Klwh. 1 -■ 

1. English- French Dictionary. By Alfrbd Elwes. : 

6. French Dictionary (as above). Complele, in Odc VoL, j*.f 

clolb be>ai.lt, ]>. 6d. *.* Oc with tbt Gsmmn. ctolh boatdi, 41. 6d. 
. French and EnRllah Phrase Book : coataimiie latiM 
c»huliri«;<.f Word*' a Coti. 



id EngUah Phrase B 



GERMAN. 
I. German Grammar. Adapted Cor Enriish Studentt, froK 

Uiy«'. Diwrcucal jud Pnru^a] Gnmmar, by Di. G. L. Studo. ii. fid; 



3.tfermBn 



4'« 



-. - . jauy; with N 

Br G. L. Stuitis, Ph.lj. 1). 

Triglot Dictionary. By N. E. S. A. HamiltoK^ 

in inree farti. Part I. G«inui-Frciich-EDElilb. Part II. Enr1idl-0 ' 
roui-F^nih. Pm 111. Frmch-Gmnan-Engli.h. jj., 01 clolh Eoaidi, ^ 
German Triglot Dictionary (aa alxive), logciher with Gennif 
Oranmuu' (Ns. jql. in Ose VqIuioe. clalb boaiili. $1. 



<.o<l. 



»8. Italian Triglot i)icllonary, wlietein tie Genders of all I 
Italian and I't^n<:h Nguni are carefullr nolcd down. Hj Auuo Etw 
Vol.1, luiian-KngUA-French. ii.&d. 

30. Italian Triglot Dictionary. By A. Elwbs. VoL 

31. Italian Triglot Dictionary. By Alkkbd Elwes. Vol. 

?ivnrh-l talis n-F.ngliifa. a. «d. 

18,30, Italian Triglot Dictionary |ns oi>ove). In One Vol., 7a. f 

].. Clo h boa.dj. 



SPANISH AND PORTUGUESE. 

34. Spanish Grammar, in a Simple and Ptactical Korm, 

■ CourioarEisrciiu. By Axtkeo Kuvixs. i>. 6d. 

35. Spanish-English and English-Span lab Dlctlonanr. 

Incli.dingalarg^nUBb«IlfT«hmca!nnnn.u«,dil.MiniBB.EnEiB«ring,»B. 



br proper Acci 
loth bnarda, 51 



and tbe G^n 
,_...... rda.Si. V.Orwilbl 

. Portuguese Grammar, in 

With aCourmoof BierciHB. By Al-PIilili tLlvm. imo. 

. Portuguese-English and English- Portuguese Die 



'Elwbs! Ttirf^Kd?"on, Rrviipd.s.. 



HEBREW. 
. Hehrew Grammar. By Di. Bhesslau. is 
. Hebrew and English Dictionary, Biblica 



lary (" 



I.OHDO'K ; l»OSB» inCB.VfOOD * 



WKAI.E'S ZDUCATtONAI. AND CLASSICAL SERIES. 

LATIN. 

> LatlD Gramaiar. Coniaimng the Indecdont and Elemenltiy 
'',™eip^ofTtiuiiUlLimMdCon.[ructioo. Hyihe kpv. r»OM« GoonwIH, 

li. X-aUn-EngUah Dictionary. By the Rev. Thomas Goodwin, 

-Latin Dictionary; logelliCT with an Appemia o( 
d [nllan Woidi whkh havn their orifiii iinm ihe Latin. By tka 

fAS Goodwin, M. A. ii. od. 

1. Lalin Dictionary (as above). Complete in One Vol., js. 6d. 

cluth bo^trdi, 4>. 6d. *.* Or with the Gu»iui, clotJi twuili, ;>. 6d. 
LATIN CLASSICS. With Explanatory Notes in English. 
I. Latin Delectus. Containine ExlracUi from Classical Auihon, 

1. CsesarlsComnienlBiiideBetloGallicD, Notes, and a Geagrapblcil 

Krgi,ta f», Ue Um of School., hr H. Vddhq. u. 
J. Comellua Nepos. With Notes. By H. Toon o. m. 
. VIrgilll Maronis Bucolics et Georgica. With Notes on the Baco- 
llci V W. Ku^HTOH, M.A., JiDd OD the CHirpci h^ U. VouNo. i>. 6d. 
s yKneifi. With Notes. Critical and ~ 
.. ..rm RditioD. nvlisd aad inpiomd With 
If Knr. T. II. L. Lt^rt, D.C.L, fomsrlj Scbol: 

Booiu i.- 
Bo ■ ■ 
, )dcs, 
YDiTKa. i>. M. 
J. Horace; Salites, Epistlis.and ArePoetica. Nolei by W. Bbowk. 

KitHj Smith, M.A., F.B.G.S. tt.6i. 
S. Sallusllt Crigpi Caialina et BcUum Jugurthinum, Notes, Critical 

Md Eiplarmlory, hy W. M. Doum, B.A.. Too. Coll., Can. ii. M. 
9. Terentll Andiia el Heaulontimatumenos. With Notes, Critical 

asd Eiplinalory, by the KeT. J*HU DAVias, U.A. II. 6d. 

10. Terentll Adelphi, Hecyra, Phormio. Edited, wilh Notes, Critical 

aadEipluiatorr, ^thsRev. Jahii Daviu, M.A. u. 

11. Terenttl Eunuchui, ConKedia. Notes, by Rev. J. Daties, M.A, 

im. «d. 

II. Clceronls Oratio pro Sexto Roscio Aioerino. Edited, vith an 

Introducliod, Anaiytu, and Nolai, E^lanatorr lod Critics], by tbe Hew, 

JAHH DAVias. U.A. II. 6d. 
IJ. Clceronis Orationes in Catilinam, Vencm, et pro Archia. 

Wiih Inivodaction, Analyii., and Now., EipliMtcry and Critical, by Rev. 

T. H. L. L»JiBY, D.CL. tormBtly ScboUi of HriKnow Collefo, Oafo^ 

14. ClC«ronls Cato Major, LkUus, Bnitus.sivedeSeorciule.de Ami- 
eitiji, de Clan. Oiatoiibui DiAlap. W.lh Notx. by W. HuowKRitw Suira 



lu. Llvy 1 Jlislory of Rome. Notes bv H. YouNO and W. B. SuiTB, 

M.A. Fan i. Book. U, li., ». 6d. 

6-, Pirt J. lioot. iii.. iv.. ».. 11. Id, 

1;. Part J. Hooki iai..air.., i^ 6U. 

19, Latin Verse Selections, ftam Catullus, Tibullus, Ptopeitiut, 

anJ Ovid. Notnn by W. B. Dami, VLA., Trinity ColleEc. CambriJie. H. 

10. Latin Prose Selections, from Tairo, Columella, Vitruvius, 

Stai^r^ Qumtilian. Flonu, Vsllciu. Pal«culu>, Vati-riui Muimui Snato- 
niu. Apn^clu., be. Nolaby W.B. UOKHi, U.A. 11. 

11. Juvenalts Satirae. With Prolegomena and Notes byT. H. S. 

Eh-qtt, B.A , Lpiinrer on Lopi: at King'. Collcifg- l-ondon. n. 

7, stationers' HAU. court, LUDGATS hill, E.C 




^17. Greek Lazlcon. Containing all the Wordi in General Use. with 
Ihsii SiiiiLEi^itiani, laSKlioni, sod DcubKul Quutilm. Dt Hihi* R. 
HtKii-tciN. Vol.1. Giwl.Ko(li.h,i..M.[ Vol. t. EnKli.b-GrtBk.H. Or 
_ the Two Vol.. In One, 49. od.: cloth Iwaid., j.. 

14,15. Greek [.exicon (as above). Complete, with the Grammak, in 

GREEK CLASSICS, With Explanatory Notes in Eneliah. 
I. Graek Delectus. Containing Exliacls from Classical Aulhon, 
wllfa QeiuuloKical Vo<:abolaria iLndExpUaalory NoI» brH. Vbuho. N» 
BditiDK.with an inprood Mid cnlirEcd ^upplemciiUiy Vocabnlur, b* Jobk 
HirrcHiioH, M.A., of Iba Mifb School, Glugow. ». M. 
J. Xanophon's Anabasis; ra. The Retreat of the Ten ThousMid. 
Nam ud a Gnpaphlcjl KcHLiler. br H. Vouho. Put i. Booki i. lo lU.. 

4. Luclan'a Select Dlaiogues. The Text carefuIlT revised, with 

GrunmaUcii] and EipUtiatoiT Not«, by U, YOUNO. it.M. 

jomer, Ttie Works of. According to the Text of Bakuhlum. 

With Unla. Crilkal and EipliuiilDry. drawn (lom Ibe b<4t ud latM 
~ --iwratiDn. and Appandice., bjT.H. L 



I 

1^^^ LaxtLY, M.A„ n.C.L. 

r Taa lUAS: Parti. Ruolii 1, ID Tl., Ii.Od. I fUl 1. BaoKxiil, 10 

Pini. BookiTii.tDiii.,i>.6d. Part «. Bookt lii. to 9 

m Oavuavi parti. RddIuI. to n., ii. 6d 1 Parti. Dnoki lili. Is 

Put 9. BoDkKii.loui., it.«d. Part 4. Hookl lie. U 

I Hjmnl, u. 

It. Plato'a Dlatoeues: The Apology of Soottles, the 

(hePhjedo. Fromlbo TmI 01 C. F. H«rm«»w. BdiledwUhNi 

and EiplaoatoiT, byths ttev. Juiis Oavih, M.A. u. 
14-17. Herodotus, The History of, chielly after the Teit of Gaisfoxo. 
Wilfa PrallninaiT ObHrralloiia and AppendEcu, and Notn, Critical uid 
~ ■ai.ato7j,byT. H. L. LSAU, M.A„ D.C.L. 

Part I. KodIu i., ii. (Thn Clia ud Eutciw). n. 

Part 1. Bnoki ill,. iT. ITIis Thalia and MclponeBi 



■^ cso. 



[th* Terpiichore, Ei»Id, and Polvmnia), ai. 

__ ,. .._;.(nniU>aBla8ndCalliopejMidIndii.,..,M. 

18. Sophocles J (KJiiius TyrannuB. Notes by H. YOU NO. is, 
10. Sophocles : Anligone. From the Teit of DtNtJORF. Nolei, 

>f Dm- 

t6. Euripides JAlVestia. Chiefly from the Text of Dihdork. With 
Note.. Critical and EtplanatoiT, bT John Milnib, B.A. i.. 6d. 
.iGschylus ! Prometheus Vincliis : The Prometheus Bound. From 
IbeTnt of Dmnonr. Bdlled, with Engliih Note^ Critical and Eaplanatoir, 
bTthoKer. jAHas Davias, M.A. i.. 
.iGschvlus ! Septem Contra Thebos : The Seven against Thebes. 
From the T«I ol nixuoxr. Edited, with Bneli.b Notu. Critical and £■- 
planaloiy. by lbs Knv. Jahu llAvias, M.A. ii. 
40. ArlstophancB ; Achamians. Chiefly from the Teit of C. H 
Wmn. WilhNntw. hyC.S. T. TowinH«KlJ, MJi. 11. 6d. 
ThucydldeS! History of the Peloponnesian War. Notes by H. 

4a. Xanophon's Panegyric on Agesllaus. Notes and Intro- 
Demosthenes. The Oration on the Crown and the Philippics, 
Will. BBrtliOi Nolc By kc-.. T. H. L, Lbahv, D.C.I... (omierly ScboTar ol 
Bia.mnMi Colb-j-p. Oaford. li. 6d. 

CROSBY LOCKWnOD hNO SOS. T , ■.-Vk-YTOSS.RS' H*1,L COURT. F..C. 
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ATALOGUE OF BOOKS 



ENGINEERIKO: CIVIL. MECHANICAL, AND MARINE; 

ELECTRICITY AND ELECTRICAL ENGINEERING; 

MINING, METALLURGY; ARCHITECTURE, 

BUILDING, INDUSTRIAL AND DECORATIVE ARTS; 

SCIENCE, TRADE AND MANUFACTURES; 

AGRICULTURE. FARMING, GARDENING; 

AUCTIONEERING, VALUING AND ESTATE AGENCY; 

LAW AND MISCELLANEOUS. 



CROSBY LOCKWOOD & SON. 

UECHANICAL EMGINEBRIMG, etc. 
D.K.Clark's Pocket-hook for Mechanical Engineers. 

THE MECHANICAL ENGINEERS POCKET-BOOK OP 
S,POSIUUl.M. RULES AND DATA. AHand^ BookofRelerBnca 



(or Dally Um In Eogineerlog Pricllco. By D. Kihi 
Author of ■' Railway Maohlnery," "TtiUnwavj." « .. _ 

Enlarged. SraBlItlvo.wo[ia|[ei.j]. bound la Eoiibleleaihsrco 




I 



a CROSBY LOCKW OO D A- SO N'S C ATAWGVE. 

lift. HUT TOH-S PRACTICAL HA NDBOOKS. 

Handbook for Works' Managers. 

THE WORKS' MANAGER'S HANDBOOK OP MODESH 
BULBS, TABLES. ^ND DATA For EnEioeen, MillwiiihlB, and Bcdlt 
Mikni; Tool MskcTL M>ctaini!is, ud UeMi WorkHi; Iidd ud fiiu 
Foandrn. Ac B>W. S. HttiTOH, CWU and Mechaokal Engineer. Anlbi 
o> "The Prutical Eaiiowi') Handbcok." Fifib Sdliioa. cuefolljr Be- 

iirooilT bODDd. ' ' {J-ii publit\id. 

iS" Tin Amlket tutviKg cemfiltd R»Ui Bad Datt for las own wi nagriat 



r/.j 



lA th^H — rnwd to eats — bn 



•merm lUatToliimi and mm malltr rtlatmr I' Ste 
„ ThrStcatd Sidiimhai tmnltrgidondlUiaira 
it bvtii a gittAl WKmbtr v/p ' 



iKfrmidbtUt 
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Xew Manual for ^racticttl Engineera. 

THE PRACTICAL ENGINEER'S HANDBOOK. CompririDg 
■ TleHllBB on Modem Bnaina and BfiitEra: Msrlns, Locomotive and 5ta- 
largB colleetioD of Roles and Praclical Data 



Telalisg 10 recent Ptaclice la Duiiinlni; and CODBiruciiog an i 
Engiaei, Boilm, and o\bei EnglnnriDC work. Tbe whole cosaU 
aaapttibaiiivB Kajr lo iba Boiid of Tnde and oilier Biaminstions I 
Ooales of CompcteDcy to Modem Mechanical Bnilneerlng. Bt Wj 
CWd uid Mechanical EnilnMT.Aiilhor of ■■ TlieWorki' U 



rCani- 





MR. HUTTOH'S PRAOTICAL HANDBOOKS— eonliniud. 
Practical Treatise on Modem Steant-Boilers. 

STEAM-BOILER CONSTRUCTION. A Practical Handbook 
kir Eoginscn. Boilci-Makai. and Sleun lite " ' ' 



:a:B> and Dsia lelaiina 

id Working of all Klnda at Si 

Anibor o(""Tha \^c 
Handbooli." tm. v 



(ha DetUn, Cod- 

oilTe.iddMuioe 

MunoH, Civil uid MechaaicBl Enzlneer, 

?°jln«''« 



' "Tbe PmcIicaJ E 



IrMtJx'ikrr, 1 
(t( pradieai aa 



rardi of loo lIltuuuloDi. Secood £( 

1/ tk( Sirm 0/ HaiOtosti 

_ „. - .lighly appTicial 

>/ Ikw la/imidlui* ,' and u <mw«hii1i> *riti« » fV m 

nialollioHfotaicmitiiiKlmliil.andlulnaUI'ulHioli 



t dttiatd worthy oj ai /nvtnrablt d tietptum at lu 



Muti-ju'^ ■■J.;.'....' 

THE PRACTIC 
PANION. Compriiij 

In MMtuDical Sclea> 
laledRetnllifdiPaci 



I 



Bdillon. Reviled, Modamiied. and cos 

Hurrnii. C.K., Author of "Tha Wo 

Priclicil Eneineec'i Handbook." Sic. 

Platei ind upward! o( lyt IlluguaiiVB Dlagnuos, 6i., i 

worluhop or pocket vreu' uid tear. 

•,• OrimoRB or Tni Pi is a. 



fiyWlLLUVT 

."He, &c Sevei 
«!■» Handbook' ■ 



M dMB look (Htanln la otar •*■■■. Ttil linlMiliiStiri ii iim tii iiiiiii fimT h 

taMlwMd B aha (ka Hiatal aMU* eT' Tinknx." —AwiIU VictaMI. 

'''^TBSiSirml.biiiiE^SijtaKiwa^lMartinilnmll^iwi-lmfgillili 
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TetMjiteton'a Bnjrineer'n and Wnc/iiniat's Aanintant, 
THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT. A eollis^ilon of UaefulTablgi.Rutci and Dan 
B; Wiluilh TaHFLSTOM. 7(hKdJlioii.wilhAddili< ' 




4 CROSBY LOCKWOOD «- SONS CATALOGUE. 

Foley's O0ee Reference Book for Mechanieat 
JSngineera. 

THE MECHANICAL ENGINEERS REFERENCE BOOK, 
br Uadilug tad Boilsr Coniirnciios. Id Two Full. Pari I. GtmuL 
EHOiminiHa DiT*. Pan II. Boiliu Cohitivctioh. Wiiti <! Platuand 
□ amerDui llluimiioai. By NaLioH FOLII. U.I.N.A. Second EdilloD, 
' Hi throuolioul and macb Bnlacged. Folia, f j ]i. net half-boDDd. 



SuuMtav o 




PART I. 






A«A>, *<=., Slu..a., Cyaaa, Fot-atH 
Powaas.— SflUAsaiBnCuBaRooM.- 


— CRNTBI C» OSCILLATloa.— Euc- 


miciTlr.— SiaancTH or Matkhiali. 




-ELA«1C1TV.-T«ST SHUTa ot 








0» ClSSB^^All PuHFB.SUUaCK Coii- 


Woait AMD Powaa.— Hl»T.— COMBlj*. 






— Kir*Haiaii or GASBt.— St(«h.— 


— Paapatuas. — CuTTtBo Tools. — 


Static Poacai.— GaAviTATion anii 




ArrnActioii,— MOTIOM iMoCoupuri. 


TuB»».— Scaiwa, Nutb, Bolt Hbadi, 


»10H OF RaauLTiiiQ Foacis.— Accu- 


&c.-VAaioua Racipas ano Miacat- 


■njUTinWoai.— CiNTBa*NpRADiiis 




WiTR DIAGRAMS »0B Valvk-Gia.. BaLTiBO .»d Rop.s. DiscHAKcm and 




. AMD Copraa Pifii. 




Coal and Speed Tabtes. 

A POCKET BOOK OF CO. 
RnriiHm and Sltam-uurt. ByNai.soH Fql 
Bndnwr'a fichrence Book." Pockel-ilu, j; 



Sieatn J 

TEXT-BOOK ON THE STEAM ENGINE. With a Sup- 

E'eioBnt OS Gaa EnElsea. and Past II, oh Heat Ekginis. By T. M. 
odDivE, M.A., Bairliier-ai-Liiw, Frofcuor of Mechsjiice s.t ih, Rnv.i 
CollegB of ScJBocs. London; Author of "Tha Principle* of ^ 
"TbsBleinentaofUecbaaiam,"ao. Twclflh BdlUan 
^mBrom ULuiinitiooi, Crown P - - ■ ■" 



u:iple. of 




Oaa Engines. 

OH OAS-ENGINES. With Appendix describing a Receot 

Engiae »iiii Tube Igniler. By T. M. Goodeti, M.A, Crown B»o, ». M. 
^clotli. Umipubliakid. 

Steam Engine Design, 

A HANDBOOK ON THE STEAM ENGINE, with especial 
RefDrCDce lo Small and Muliam-slzed Engines. For lbs Use cf EogiDs- 
Mikeii, MectaBoIoI DmogbuCDeo, EoiuiieuTni; Stndeais uiA U teti of Sieav 
Poirei. Br Hhhak Haidih, C.E, Engliab Edition, Be-ediied by it 

AnlbarfroniaieSscoiulGiniuaBdlilan — ' '---■ --'-■- •' — ■-' 

Addldoiu aod AlUndooi, b; H. H. P. Pi 



Btetan Boiiera. 

A TREATISE ON STEAM BOILERS: TMr Slmigl/i. Con- 
UrwUoH,aHdKc»iomitalWarliiiiK. By RoBtm Wilsoh, C.E. Filib Bdliion 

Boiler Chimneys. 

BOILER AND FACTORY CHIMNEYS: ThHr Dravghi-Pawtr 
and Slabiliiy. Wilb a Chiiitsr on L\g\t<inr Conduclers. By RoBiit 
WiLBOH, A.l.C.B,, AQthor af "A TieBliiB on Sloam Boilen," &c. Second 
Edition. Ciows Bvo, 31. 6d. cloth. 

Boiler Making. 

THE BOILER-MAKER'S READY RECKONER O. ASSIST- 
A NT. With Buunplu of PricUud Geotoeny ud Templailag, lar ihs Vu 
oiPlalcri, Smilbi and Rlveleri. By Johh Couhthiv, Edited by D. K. CT-Air, 
_M.1.C.K. ThirdEdition, 4»opp., with i4d111u""._ Fcap. Svo. 71. Intf-bonnd 

Locomotive Engine Development, 

THE LOCOMOTIVE ENGINE AND ITS DEVELOPMENT. 

APopnluTreatiieAo tbeCradDallaiprovemeDHimadela Balloav EnelnBi 
bBlwean 1S03 and iBgi. By Clikeht E. Stuttoh, C.B.. ADltaor of " Safa 
RBilwiy Worldag," An. Poarih Edidon, Keriied. Wilfa 10; IlluiiratiBni. 
_ Crown im, ai.U. clolD giil. [Jul puilukid. 

•• Th* luHinf of EU4 WDik U wpU known » Ih* tall-ay world, thd no ono pioFnldy hu a 
)>«t1«r knD>lh1afl a< 114 tibnory nni demlDinnBiiT of ih* locomaElvT, TIib volkime bdaut us 
aboiil4 ]>«a(tAlu*lo>acoiu«(KlwUtiIt»niilwiy BjnremoithiicokinTTYi"— A'dtH^. 

Estimating for Engineering Work, 4tc. 

ENGINEERING ESTIMATES, COSTS AND ACCOUNTS: 
A Golds 10 CommKcial En^oeerinR. Wlih nmasioai Eumplei of Eiii- 
mala and CoiU at Uiilwilgtil Wock, MiicallancDua Produclioni, SleuD 
Bd^^boi iDd Sleam SoUanj and a SecUon oa the Preparation of Costa 
Acsannli. ByA Gkriial MjtRAoBa^Elemy Bvo, lai. ctolti. 

— . i li olmry worki."— SiriUn-. ^°* '' 
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tf\r9 Engineering. 

FIRES, FIRE-ENGINES, AND PIRE-BSIUADE^. Wilh 
■ Hillon' M I^r^BoelDM. Iheli CoBiliDctiDD, U>e, ud MaDigaiDBDI : R>- 
nurki on Flre-ProoC BaiEdiDes, and Ihe PreKrvKion oi Life from Pin | 
Suiiillo o( ilisFiKAppLluicealaEaeliihTonDi: Foieiea Fir* Srslcnu ; 
Klola on Fire Brigades. «c. Ac. Br Chablii F. T. Youio, CE. With 
" ■" "14 Pp-i deiBf 8»D, £iji. ciolh. 



MmlHi. hh icquilgDil 



' 'ifZ^a^ 



BoUermaking. 

PLATING AND BOILERMAKING : A Practical Handbook 
for Workthop Operstloni, By Josipn G. Hdvher. A.M.I. M.E. IFonmao 
PaitBTB-Makci), Auibor of "Wtiem Milting,'' fto 
Illustntloiu. Cio«aiyo.}s.td.ao\b. 

Eng in ee ri ng Construction. 

PATTERN-MAKING : A Pwcfical TrMffM, embracins the Main 

Titwa of BnglnMriiiE Coaattactloa. and Inclading Gnrine, boih Hud ud 
Uochine mads. Eni^na Work, Staaavu aod PulIeTa. Pipea and CaluaDa, 
Scram. Maclilaa Pant, Pump* uid Cocks, (tn UonldiDi oi PslMnu io 
Loam and Giaenund. Ac, logetnei witli the Dialhodi ol KilituliBi ths 
elKbl of CaatiDKB ; to whleb is added so Appoadii of Tabloa ti» Woikthop 
"-enca. Bj |031PH G. HoiHalt, A.M.I.M.E. (Fonman Pat(eni-Uaker). 
id Edition, ibacnu([tily RgdW and mash Bnlugsd. Wilh opwaidi ol 
" own noyTi. ta. clolh. [Jiul ^aUuktd, 

'HontliuwBHIndamMplaBiqidll^ttaBk^ wUch it, JiDwvnA^^tAirt d«w aad *k< 

mmi^^^a^^-e.^'!,uSmH€. """ """'"' "^ *" •w™"" "'"''•*™ '•''™" 
Dictionary of Mechanical Engineering Terms. 
LOCKWOQD'S DICTIONARY OF TERMS USED IN THS 
PRACTICE OF UECHANICAL ENGINEERJNG.embitciDgliiotecaneat 
iDIhsDrawiiuOacg, PatigiaSbop, Feundij, Pliiing, Turning, Smith's and 
Boiler Shops, AC. Ac ComprldnE apnrardi of G,oao De&nillDnt. Edited b* 
;ouPBC.Hoaiiai,A.H.I,M.E.-jForanuuiPUM[ii-Uaker).ADiliorot"Pai- 
(HB Makinit." Enond Edition, ReTJced. Cion ' -. . ■ 



Bebrenca. 



Mill Gearing. 

TOOTHED GEARING: A Practical Handbook for Offices an* 
Wdtksbaps.^ 6t JasEFH G. lioaNER, A.M.I.M.E. (Poreman Pattern- Us kei), 

cloth. ' ■ Um ptMu'!u<L 

BuMttmy or Cohtints. 



-XVtl. MocHina 



-VIII. 5CIIEWGEAIIS.-IX. Won 







Pump Construction and Sfanagement, 

PUMPS AND PUMPING : A Handbook /or Pump Ours. Bring 
Mom* on SelBClloa, ConunielJiHi and Miangansnl. Br M. Powis Bti.li. 
H.I.M.B., AaltuT ol " WoodmrUiuE UachUwr." " Saw Mlll^" &c Sccood 
Edition, Keviud. CtOHO 9>o, a. &I. cloth. 



MilUng Machinery, eto. 

MILLING MACHINES AND PROCESSES: A Piwlieal 
Trutut on Shaping Uet'ili by RoUry Culliri, IncludiDR lolarmalion on 
Hakiacuid Uilndiag Ilis Cullers U* PaulN. Haslucc. Aulbot of " Latbs- 
woik,-^ " Haadrbooks foi lliDdlciafu," fte. With apwudi of joo Eugrav- 
Inia. includiui; nninecou* Dcawiaga by tha Anthot. Larga crown Bvo, 351 
jB^n, 11). fill. cJutb. 

Turning. 

LATH E- WORK : A Praetieal Trtatiu on tkt Taoli. Appliaieu, 

rmploycd m iki Art a/ Tuminf. By Padl 



0arew-Culting. 

— r SCSBIV THREADS : And Metlmdi of Praduang Thm. With 
V KuDlccaasTiiblra. lad camplfie dircclloni Foe osinn Sciew-CutiiiiK Lslhel. 
I By PAUt. N. Hasluch, Aultior d( " Lathe- Work," Aq. Wilb Scvenly-rnui 
I niuHisilDi! -■--'- - - - - - - - — - 






'b Tables for Meohanics. etc 

'ABLBS, MEMORANDA. AND CALCULATED RESULTS, 
'IK MSCHA^IICS, ENGINBEKS. ASCHITECTS. BVILDSRS, Me. 
' andAnuigHlby PiARCiaSHiTK.Siilb Edilion, RsTiud. inotuding 

... T u ^ui.Wld MsuoHAIIDi. WalnKOlI-pOCkBt riu, 

[Jul puUithiit. 
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JJIHf fl/twi. " A nftuDla pocktf (rauurr ofkoD'todev."- 

■Engtiah Qlonsary for Engineer^ etc. 
POCKET GLOSSARYojTECHNlCAL TERMS: ENGLISH- 

-"■rcH.FRBNCH-£WCi./SH; wiihTablM»nitablefoiibo;i -■- " 

oocime, M»oiif«clurinK and Naulicai Ptotoal'- - 

ma, EnKlneecaiid SoTTsysc. Sgcand Ediilai 

'"'' U-pockal liis, u. 6J. limp loalbor. 
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\ Stli:ctioo ol Formulas, Rolea, 
'Ting Siudenli, ScieuceClutsat, Ao. 
if the Soienca uid Art DepAnmcnl. 
A.M.i,i,.E. Ctown »TO. H M. clolB. 

&team. 

THE SAFE VSE OP STEAM. Coniaining Rales for Un. 
^piDfHBloDAl Sleim-nBen. By bd Knoihiih. Siitb EdilioiL Sewei.td. 

Warming. 

HEATING BY HOT WATER: 

Eiiiloni on ibe beat MeibodiofHei ' 
niWiOM. By Walieb Jokbs. Se 
CrowD Svo, M. M, itii. 



?; with Information and Sue- % 

inn Pub][c, Priyme and Hordeulloril 1 

3Dd EdliiDQ. Wiita 96 llJustrii lotis. i| 
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CtVlL SKGINEBStNG , SUBVBYING. ftt. 

Oim. ZHazNEffiBIMO, &TTKVETINO, ete. 

lAght Railways. 

LIGHT RAILWAYS FOR THE UNITED KINGDOM. 
ISDIA. AND THE COLONIES , A Ptaclieil UanJbook seuliiii (orlli the 
Princlplei on which Ligbl Railways iHonld be CoiHItaeled. Woiked and 
Plnanccd ' snd delailing [hn cimI of CuDslruclliHi, EgDJpiaant, Kennue, 
and WorkincEipcaceiDl Local Kailways already Biiahlj) hid in Ihs abovs- 
Dtenlloiied Couolries. and in BElglDm. France, Swilnrland. ftc. By JuHH 
CHABLti Maceav, F,G.S.,A.M.Inic.CE. [Iluslmud wllb ^Pbolographlc 
Plalet and oiber DiaRraiai. Hcdlmn Svg, iji. cloth, Uxif fulliihf-i. 

Water Supply and JFater-Works. 

THE WATER SUPPLY OF TOWNS AND THE CON- 
STKUCTION OF WATER WOHKS: A Pracllcal Treadsa for the Use ol 
Engineers aod Sipiletits 0[ EnglneeriDg. By W. K. Burton, A.I>l.IniI.C E., 
Proimnr of Sanitaiy SngtneerlniE In ihe Imperial Unlveisily, Tokyo, JspMI, 
and Conndliaj Sogtoeu 10 Ihe Tokyo Waur-woiliB. With ui Appendii on 
naBBkowor BanbanakMonWaUrvorfci. b; Iohh Uilhi. F.R.S,, Pro. 
&aior of Hiniog Is the Imperial Unlvenlty oI Japaa. With Dom 
Flateaand lUuainuiDiu. Snixn-royid Sro, iji. bnckcani. [Juit^^ 

Water Supply of dtiea and Towns. 

A COMPREHENSIVE TREATISE on tkt WATER-SUPPLY 
OF CITIES AND TOWNS. ByWiLUAU Huhier, A-U.IniI.C.B., and 
M. Inat. M.B., Aulboi of "Caat and Wrouglii lion Bridge Candruciion," 
fte. Ac. Illuscraled with js DoDbte PlBiei, i Single Plale, Colonred 

Teat. imp. !|io, £6 U. elgKanily and tubsiuikUy hall.bDaod &i moroccp. 

Water Supply. 

RURAL WATER SUPPLY : A Practical Handbook on the 

SuiJply otWalecaud ContlructJonof Walcrvracks lot small Country Dlatilou. 
By ALLAH Griehwiix. A,U.I.C.E.,aDd W. T. Cvbrv, A.M.1.C,B., P.G.S. 
Wllh lllDOiaiiDiu. CcawD Sva, £i. cLalb. Qiul fMliiitluJ, 



Mydraulte Tabtee. 

HYDRAULIC TABLES. CO-EFFICIENTS. and PORMULX 

a'/mdHu llu DUeharrto/ IVala /rem Onflca, NMcka, Wiin,Pipa, ih4 
■m. Br lOHK Nkviixs, Civil l^neincer. M.R.I.A. Third Ed., carefnllt 
Itevi>ed,inlhconiiderab]eAdditiDns. Numerogi 1 Hulls. Cr. Svo, 141. cloth 




I 
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BydrautUss. 

HYDRAULIC MANOAL, Consisting of Working Tabloa Md 

Kipluulgry Teit. Inisnded »■ Guide Id lI}3ruilicCalciilui(HUJUIcl nsU 

"SaderD M glial a«},-' ftc. Fuonh Bdilkn. Cnluged. Lttftt a. iyo, Iti. c\. 

■v««rar 1b*(kciiirhktihaT«aweiAil« Ui hUh, >Bd from ttaa crcai hub of mauibl >t tiU 
MrtM iid ba feu bnHTvctvl ■ ibvbimJ wtaldi bvJH VH^ptBd u A tAdrvarl!* r>^ JoOita 

ht •couteqd ifSh Iba luas di mto o m urt of Itab ImpgrtHH fahjBO."— £■v1'uVFvv- 
■'Th«nHlud-wl■h lAlhiadwitmiBHaf »«luiila>*'— SvOMHa, 

Heater Storage, Conveyance, and VtUtsation. 

WATER ENGINEERING : A Practical Treatise on the Measure- 
mem, SlorsKS. Cod vcynncD, and U tiliHliiui of Wiler fot Ihe SnpplT ol Tnwu. 
for Mill Pawta, and fat olbec Purpom. By Chaklki Susc, A.M.Inn.C.B., 
Aulbot ot "Sulury Work ia the Snuilsi Tnwui, and m Villacu," &c. 
Ssoond Edllion, With nninsroai lllailralloni. Crown Svo, 71. 6d. clolh. 



OW THE DRAINAGE OP LANDS. TOWNS, AND BUILD- 
INGS. Bt G. D. DiufBET, C.B., Aulhot ol "Tho Pucli™! RaUway Kn- 
Simr," Ac Reviled, wilh luree Addiliom od Riciht Phactice •» 
■uiHUK Ehoihibiihs, bv D. KwHUR CL,»t, M.luti.C.B. Author 01 
"TruDwiiTi ^ Their CDOBIruction uid WorklDg," "A Maniwl of Rolu, 
Tablet, and Dau for Mechanical Bngineeti." lie. Sacood Ediiioii. Cor- 



Biver Engineering. 

RIVER BASS: Tht Cauiei of tMr Formation, and {Mr Tfiat- 
mttii if " InUiuid TiJal Sunir :•■ wiih a DeBcrlpiioo of ibe Saeceeilnl Re- 
ducUon by Ibis Melbod of ibe Bar al Dublin. By I.I.Uanh, Auial, Bnc. 
(o the Dublin Pon and Dack« Bgaid. Royal 8va, 71, &I. claih. 

l^raimufays and their Workino, 

TRAMWAYS : THEIR CONSTRUCTION AND WORKING. 
Embndne ■ CDmnteheniiva HistDiy of Ihe SyBtem ; wilh an etbaaillT* 
Analyst oF Ihe Tartoui Model oi Traclioo, iuclndlBC HocH-Power, SleuD, 
Cable TrKllsn, EluirieTraoiou, &c.; iDeicriptioiiaf [he VariHiMofRcU- 
Ini Slock; and anipla Delaili ot Coal and WDrkiog Bipenaea. New Ediliaii, 
Thoroiiehl]rReTiBBd,and locjgdine ibe Procreia recently made in Tnuaway 
ConMrucUon.&c.ftD. By D. Kihmas CXaaa. U.Idbi.C.B. Wilb Dumennie 
'" ' id Folding Plalei. In One Volume, Svo, 7B0 pagai, prico a»l„ 
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9 Text-Book on Sun'eyitHl- 

fCAL SURVEYING: A Teit-Book for Studenls pre- 

■^ — ^MlioD DC tot SaivBf.walc in ttu> Coloniei. By Clonal 

CE., AuiliDC of ■■ Xlie Sutiiiics of the Whim Supply ol 

'iiti Four LithoenpliicPlatBiuidDpwariiiof 430 Illuglra- 

ilton, Rcviisd, UKluding Tablet of Nalunil Sinei, Tui- 



II, gilt edgei, rouodsd carnerB, for pock 

mpwft ii c* ■• mvnur, OruElUBiaB, md EHCIiav. lua foiud h 
fciaiimunkuLU vln ind Bail IHrlcublk.''— fiuAuiT. 

.wr... I UMtalieEiwUilili.— ■ 

UMO Udli ■ IM 



h|> ftu Ua nBulBil MO Udli 
DWn« to ba r*aDfllld«d Bl ibA ftl 



I M ■ boDv nUa Uwn uy of lu luDdKciMn ^ 
ibUtnull Kli&fbHU be pill In ihn VaniUDlipii 



Survey Practice, 

AID TO sun VBY PRA CTJCE, for Rifirma in Surveying, LtviU 
lint, and Saiitg-ota ; arut in Raali Sumy "i TrMiIlm by Liud and Sea. 
Witb Tablea, [UusmiDU, icd Kecocdi. By I.0WI8 D'A. Jambok, 
A.UJ.C.b., ADibor at "HTdnnlio UkudiU," ''Modem Uetnlogy," Ac 
Socaud Ediiion, Balarged. L>r(B cnwD Bvo, in. fid . cloib. 
Im mnslimn In fti am cUB^ gt B w iMM MJW't* Mn*!™."- .4ttDi«.n. 

Surveying, l.and and Marine. 

LAND^ND MARINE SUliVEVlNG.inReferencotolhePte- 
' Plana for Roads and Railurajs; Canals, RivecB.Towos- Wslsr 
:)ecki and Hubaori. Witb DesciipiiDii and Vie orSnireTio 
1. fit W. D. HasuiLi^ CE., Aulboi ol " Bridgi sad Viaduct I^oi 
- " -jUiW. BevU«d|Wii- •-■-"-* — ' « 



PS'l?e''ti'' 
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g%€lU-Boote /or JCngtneera, 

THE ENGINEER'S. MINING SURVEYOR'S. AND CON- 
TRACTOR'S FIELD-BOOK. Consisli - ■ ,. _ . 



,1 SJSK 



le foi Trai 



l>lolliiigll>o Work witb mlDule accuracy by meant oC SIrai|{bl lidge and Sol 
SquBfE only ; Levelling wilb tbe Tbeodolits. Cuting-out and Xadudng 

Levola Id Dilam, and Plotting Sectlo--'--'- -■- 

Cut>E> Hltb the Tbeodelile by Tang 

Tli«doli1e.oalbBSyEUUiaf Tangeaii^ Anfleilnaaui 



b iLdidon, ao* 



ilotb. 



"Bwmri ponoa ■rniinl bi iuiBtilBHkD|ra<iU openmim uriA hDibuh tha lDif>cna]iu 4f HCb a 

JjeveUing. 

A TREATISE ON THE PRINCIPLES AND PRACTICE OP 

; ill AppllcaliOD la jmnxiSB* ol Railmy and Civil 

lt'iiEHici["w. SiHHS.P.G.S.. KJ.Innl.C.K! Scveolb EdilloD, with 
I Ltw'i Practical Bumplei Cot Setliiig-out Railway Curv«, and 
Field Praclice ol Layiag-out ClicuUu Cunei, Witb 7 Plalct 
. Woodcnu. Bvo, B*.6d.olotli. V T»*UTWIi>a on Curyoi 
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CBOSBY LOCK WOOD A- SOU'S CATALOGVB. 
TriwvnoiHetrical Surveying, 

AN OUTLISE OF THE METHOD OP CONDUCTING A 
TRIGONOUBTRICAL SURVEY,/!^ tht Formaliim bJ GterHpMtatt ' 
Tefitftatliial Mapt mti Pima, UiJUaty Riammuanut, Ln€Ums, lrt„ w 

Uieftl Problena, FotmuiB, and TablM. B» Lieul.^ ' " "* 

FODCIta Bdilioo. Revised uid parilT Re-wiJIiFn by MajDi 
Waiuw, G.C.U.G., R.S. v/ith ig Plalei and tij Wow 



nenl Fiiom, R.B. 



WoodcDU. Roral Bto, i6>. 



(fttrveSf TableB for Settinff-mtt, 

TABLESOP TANGENTIAL ANGLES AND SlULTIPLES 
for StMiir-Bia Cftva from j lo aoo Rajitia. Bj ALtiWDia BEanLir, 

M.lml.C.E. Fonnh EdiiiOQ. Piinled on 48 Caids - - ' — " ' '"'■ ' — 

miilcoal-poekBl silt, ji. fid. 



■ oloih boi, 



n 



Earthwork. 
HANDY GENERAL EARTHWORK TABLES. Giving 
the Coalonii in Cubic Yudiof Cenlis uid Slopei of CnillnHa aod Embaok 

Clialaot iwrUtClialii, St J. H. Waison Buck, U.I1UI.C.E. Oo a Sbsat 
mouDled In clpib caie, ji. 6a. [J'O' puMuttii 

Earthwork. 

EARTHWORK TABLES. Showing Ihe Conlenls in CdMc 









ii,C.S 






Earthwork, Measurement of, 

A MANUAL ON EARTHWORK. By Albx. J. S. GiUBMi, 
C.B. WiibDOioBraasDiaKTama. Second Edillon. iSmo, tl.CJ.elotli. 



out ol ibe worlis, Sbaft-aloking and HoidinB-drtving, Sasgine Iho Lin< 

LBVellinir underground, Sob-Eicavallng, fimbemiK, and Ibe Coniti 

MiheBiickworkof Tunneli, wiih iheamonni ot Labour lequiiedfar.aodihs 
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ZtoitMl Shafts. 

THE CONSTRUCTION OP LARGE TUNNEL SHAFTS: A 
Practical mrl Tkarilical Buay. By I. H, Watboh Buca. M.InEl.C.B., 
ReaidBDl &n{iDesr, LoadOD and North- Wetlera RailwaT, Illuilialed irlth 
_Foldini! Ptalea. RojralB™. iM^ih. 




CIVIL EKGINBERING, SUSVEYING, ik. 13 

ObUguff Bridget. 

A PR A CTICAL A ND THEORETIC A L ESS A Y ON OBLIQUE 

BRtDCES. Wlib I] luee Plalu. Bt iha tale Giatat Watsdh Bucc, 
M.I.C.B. Faurlh Ediiios.iaviKd b; hU SoD, J. H. Watson Buci, M.I.C.E. \ 
-- ' '■' '" ' if DMcHpIion 10 DiaKruDB for Padliuiiae lbs Con- 



ID gf Obliqae Bridget, by W, U. BtHLOW.U.I.C.S. Roy. 



Coat ana Wrought Iron Bridge Construction. 

A COMPLETE AND PRACTICAL TREATISE ON CAST 
^ND WROUGHT tSCS BRIDGE COSSTKVCTtOH. i<iitfdmt Iron 
FeitHdaltoHi. In Three ParH—Thcorciicfll, Practical, smd Doaciiprive. By 
WiLLiAU HUUHX, A.M.[D».C.E., ind M.EoilU.B. Tbiid ErliiloD. Re- 
viled and macb impioved. wiib 115 Oaubln PlaiB* in ot which now gist 
appear in tbliediliDD), and DDmerouiAddltlouioiha Tail. In Two Veil., 
ioip, tlo, £6 lb. Sd. haif-boDnd in morocco. 



Iron Bridges. 

IRON BRIDGES OF HODERATE SPAN : Th«r Construe- 
Hon iDd Ereotlon. B. Hahilton Wki.h>h Pihoihid, lue InipeoiDr of 
IronnorkloIheSatrordCoiponliDn. With 411 lUuitrBllons. lamo.u.ciolb. 



OhUque Arches, 

A PRACTICAL TREATISE ON THE CONSTRUCTION OF 
OBUqUE ASCIIES. ByJoHM Hait. Ttaiid Bditloa, with Plalai. Im- 
periftl Svo, St. cloib. 

Statics, Graphic and Analytic 

GRA PHIC AND ANAL YTIC STA TICS. i» thiir FracUcal AppU- 



_, _ Ro<,k,Smli. 

'ridgn. BtaiiJlroHATcka and 
;iiAHAU, C.B. Conraiaing P' 
RiimDisi. manv uken fram . . 



By k.^uo'soll CJ^uHii', C.b7 ConiaiaJEgjDiBpj 



Specially 



"Th« wort 4 urvDant rrvn ■ prtrllcal pttbt at tIb*. ud hu arldcaUip bflu pnpusd vita 

Girdera, Strength of. 

GRAPHIC TABLE FOR FACILITATING THE COitPUTA- 
TIOS OP THE WEIGHTS OF WBOVGHT IKON AND STSBL 

GIKDBRS, lU., for ParlUtqenlarr and olbar Eilimaiai. By ]. H. Watsom 
BDCK.M.toii.C.H. OaaSheat.ai. Gd. 

Strains, Calculation of. 

A HANDY BOOK FOR THE CALCULATION OP STRAINS 
tS GIRDBRS ANDSIUILARSTRUC-TVBBS.ANDTHEIBSTRENGTH, 

ror^p'raelical Applicalion, Sc. By WlLLWU Huh»«ii, A-M.1bbi.CE.. \t. 
Finh Edilioo. Ciowo Svo, nearly loo Woodcnliand i Plalei, 7i.tJ, clolb. 



CROSBY LOCKWOOD S- SON'S CATALOGOB. 



SiwrtUM 



Giir*imi,SiirT«Tor, A 

"TbHIIUilrntitaba 



TRUSSES OP WOOD AND IRON. Prattital ApfUcatioiu 

Siiiimaiii DiUrmimiiltthi Strata, BrnUng Wtighli. Sa/i Loadi,S M » ll tlt^ 
iCi of CaufncMBH, wtih Conipfeie Wecking DnwlDti. BjrWuxiM 
II, SiirT«Tor, Anulnni Muier, Tiumars Setioal ol SciaBoa ud 

- a. M. doUi. 

Btraina tn Ironwork. 

THE STRAINS ON STRUCTURES OP IRONWORK; with 
Fraellci! Renidki on IroD Conaliuelioa. B; P. W, Shhilde, M.IdiI.CBi 
SeooDd BdliiDti. wilta 5 PUlea. Ro^bI avo, ;>. ddlti. 

Barlou>'aiHtrtntgtHofMatertala,entarged byHumbor. 

A TREATISE ON THE STRENGTH OP MATERIALS: 

wilb Rules for Appllcuiiin in ArchilKlon, Ibe CoDiiructton of SupcdiIdo 
Brldni, Railwayi, Ac By Vith Birldw, F.R.S. A New Bdilleo, Raiiud 

bT bl* Soni. P. W. Bailow, F.R.S.. and W. H. Bmu 

■n idded. Bip«iia«Dli by HoDOUHaoH, Pmubmih, 

PonniUafor(U]eukilnRCiRl«rB,Ac. Arranged and Em , 

A-M.lnsl.CS. DamjF Sid, 40a pPm wilb iglarga FUtel sod aomiHiiil* Wood- 



edited by Wh. 



■—Etiriiih Mtrll^lit. 

Coat Iron and other MetaUt, Strength of. 

A PRACTICAL ESSAY ON THE STRENGTH OP CAST 
IROrt AHD OTHER UBTALS. By TiIou>s Tkidoolu, C.B. Fifth 
Kdliion. inr'ddiDf MoDOKiHtoH'i BiperimcniaJ RMiiucbei. tvo, tu, olalh. 

Bailway WorMna. 

SAFE RAILWAY WORKING. A Tnatist en Railway Aefi- 

tnd Syslni. By Cliusht E. StrtTTOs, C.B. WItb ttlutlnJou ud 
Coloured PlalH^ Tblrd^dltion, Gnlund. Crown Bvo. }i. «J. 
cl «Bfyck)S>«3l« In 



Beat, Expansion by, 

EXPANSION OP STRUCTURES BY HEAT, By Johk 

!ortbeIndiu Poblic WoituiDd Vieloriiu RiIlwiyDepul 




on or tlH wvtromicid nflacltdn Iniat 

Fieia Fortiflcalton. 

A TREATISE ON FIELD FORTIFICATION. THE ATTACK 
Of FOtlTHESSES. KIUTASYUINING,A " 




BVUBER-S PROGRESS OP MODERN ENGINEERING. 
Swr.nfO Series. Imp.jlo, iritb 36 Doubis FUtu, Fbolo^aptilo Portriil of 
(I Stsphenson. C.B,, M.P.,F,R.S., Ac, uidcopienideicrlpllTaLBItei- 



pieu, Spccificalicmi, I 



!..ftj'. 






Lul 0/ Ikf Ptala , 



I MHIhsTTTM^u' u 






Inin PiUn RiWji pIUBli 



mUUBEWS PROGRESS OP MODERN ENGINEERING. 

^— Ttao" 5««BB. Imp. 4to, oilh id Double Plalei, PholoHi"'-- ■ 

b R. U-Cleu, Uis Ptea. laii. C.B., uid o ' 
— "ciUoni, Ac, £5 Ji. ImU-morocoo. 

I.U( 0/ lla Plata and Diagram!. 



coploui dncriptivB 




aUMBER'S PROGRESS OP MODERN ENGINEERING. 

PouBTH Sksiks. Imp, «io, wilh iS Double Plafea, Plioloersptiio Porlrallol 
John Fowlet, Jala Prei. Inai. C.E.. and copious descriptive Lellerpceu 
Sp«oi£calion>. Bie., £i 31. liiK-morocco. 
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■n K.«niin.lion of Grtciin A«hil«mre. b)p Job.ph Gwili. F.S.A. KnlMd 
and Hditsd bT W. H. Liedi. t6 Plal8i.4lo. >»■ cloUi. 

rtUa ArchiUcture, 

A HANDY BOOS OP 

Stria 1/ Daipa jot ViUa Raiii* 

Spaeificatlona and EtiiiaiiU*. By C. 

_SpirM «>d Towers of Eailnad." kc. Gi Plaies. 410^1 m 

TeiBt-Book for Architects, 

THE ARCHITECT-S GUIDE: Btmg m Tixt-Bnak of I7mM 1 
Infttrmalicm fif Atcluttcti, E'rvutn, SHnryon. ConliacCon, CJirte trf' 
_H'or*..*(. BvF, RooBM. Third Bdiliw. Crown gvo. jj. M. cloth. 

Linear Perapectiv«. 

ASCHtTECfuSAL PEBSPECriVE: The whole Course and 
OperallaDi of tha Draaghlsmui la Drawing a Luie Houx 
— ^ilve. lUnatratMl by43 Poldina P'— - °-- " " "— 

don, Bnlarnd, Bto, ii. &f . boardi 



^Idor 



Ar^thitectural Drawing. 

PRACTICAL RULES ON DBA tVING.fcr tht Opttativt BttiUit 
aniYBungStmintinAftlulictuTL ByC.PiMB. i4Plai«,4ta, ;>.M., bdi. 

Vitmviua' Architecture. 

THE ARCHITECTURE 0/ MARCUS VITRUVIUS FOLLIO. 
Translsied by Joskfh Gwtlt, P.S.A., F.R.A.S. New Edilion, RaviMd tif 
tbc TraoiUloi. Willi ij Plalea. Pcap, Svo, ji. clolh, 

DettigMng, Measuring, and PeUuing. 

THE STUDENTS GUIDE to tki PRACTICE of UEASUR- 
INS AND VALUING ARTIFICERS' WORK. CooinioiDg DlrecIiDM lot 
lakine DiDiBnaloD*, AtnitacUae tbc laoie, Hod brinnng ihe Quaniiiis tola 
Bill, wKti Tables ol Con^lanli far ValuaKon of Labour, and lor the Calcula- 
tion of Areaaand SDlidiiies. Origjo>llf edited by EcwAiiDDoasini. Architect, 
Wlih Addliians byE. Wykdhiu Taih. M.A. Siiita Ediiicn. WllbSPIaIra 
»d 6) Woodcuts. Crown evo.7>.M-rloili. 

Pocket Betimator and Technical Guide, 

THE POCKET TECHNICAL GUIDE. MEASURER. AND 
ESTIMATOR FOR BUILDERS AND SURVEYORS. ConlainlDI Teeb. 
oical Diiecliona fiir Mea«nrina Work In all Ihe Soildin^ Tiades, Completa 
SpicificaiiDss lat Honael, Readi, and Dralol. and an easy Bit elliod of Batimal- 
ing Ihe parts of a Bnildiae eollecliveW. By A. C. BkaTOH. SerenthBdll. 
Wniitcoat-pocliel siiD. ij. M, lealbor, Ellt sdii-s. 
■• Nd tujldii. iidilKCI, BTTiiriK. irnluii aauld hg wiUhhii IiIi ■ Saui 



GuidB to Ihe Architect. Bngjneei . . 

SpeciiicalloBB ud Coniracu Car Worlii and Cinsl 
PrecedsDK of Buildings acluallr eiccnied by enio 
tlj.etw By ProfHsior T. L. ISoii»ld»oi., P.R.I.B 





Bartholomew and Rogera* Upecifteationa, 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE. 
ACnide lolbe ArchilKt, Bn^lnrer, SnTve^or, ud Buildei. With an Bauy 
on the SuuotiireuulSriaBCs ol Modniii Buildmi;!. Upaa ibn BkbIb o( (ho 
Woili by Althed BkRTHOLOHiw, thorougbly Revised, Correcled.and rreatlv 
added ID bi Frbpehick Rooeiib, Architeci, Third Edition. Ravised, wilb 
Additiooi, Wlhniud«a 

Houme BuiMing and Bepairing. 

THE HOUSE-OWNERS ESTIMATOR : at. What will it Cosl 
10 Bgild. All»r. or Repair? A Price Book for UDproIeHioiiul Feoplo, aa 
well a> the AicbltecturaVSorveyar and Builder. By J.D. Sihoh. EditedbyF 
T. W, Uit-LIR. A.R.I.B.A. Pounta Bdiiioi]. Crown Gvo, jj.U.cloiti. 

CcHMtrucMvn. 

THE SCIENCE OP BUILDING : An Elmnltry Tnalu* m 



vipSti of C/Mslmcliim. By B, ' 
Jdi.ion.Bevlf--'---* --'—-■ "' 



.h .he Theory of 



....^jvinjB. FcBp,Bvo.4J.CI. 

Building ; Cii^t and EcclesiaatictU. 

A BOOK ON BUILDING, Civil^and EecItsuuUfal. iacliiding 

Souse Building. 

DWELLING HOUSES. THE ERECTION OF. lllnglraletl 
by a Persrmtivo View, Plana, filevalioiis and SecUon. ol a Psli of Seiul 
Delieh«l Villm, wtlli Ibr Specificaiion, QiijiiiliiBS and Etllmalci. By S. 
H. BaooKS. Arctailect. SeveDlh EiHiion, iborougtily Revisdd. lono, u, U 
Elolta. r?ait pH^luAl.f 

Sanitary Houses, etc 

THE SANITARY ARRANGEMENT OP DWELUNG- 
HOUSES: A Handbook lor KODKboldeK and Owners of Houaei. By A. 
J. Walms-Tavlu, A.M.lDiL C.tf. With naiBBiaiis IlloiUaiioni, Crown 
B*D, M. U. ololh. (jial puiUtlud. 

Ventilation of Buildings. 

VENTILATION. A Ttxt Booh to tin Praclia 0/ tkt Art ol 

Vinttli^\«!^[i%M%n^i. ByW.P.BucHiH. R.P. iime, 41. clolh. 

The Art of Plumbiiig. 

PLUMBING. A TttI Bmh to Iki Praclia of tkt Art or Cm/I of 

llnFUmbir. By William P*ioM BucHiB, R.P. Slilh BdllloD. «. cloUi. 



Z%« Scietice of Oehtnetrg. 

THE GEOMETRY OF COMPASSES; or. ProbUmi Hetolvti 

if Ihi mitr DacrtpiicK of Cucirs, and Iki nu 0/ Celvurid Dia^mnt ami 
ymMi. By OlivkkBhiihii. Colmued lUttu. CiowB Svo, }t, <W. Glotb. 



■a CROSBY LOCKWOOD S- SON '5 CATAtXtGOB. 

OARPENTRY, TIMB BK, sts. 
lyMtgold'fl Carpenirff, Revised Jt Enlarged by TartK 

THE BLEMENTARY PRINCIPLES OF CARPEffTSY. 



nf TUnhEt 



OIWoodnsKlin 



ll TlRll 



TkUesof I 



la SnnlUnE 



Roofs. 



>[.D, C.B^ 4lib ui ApwutU of Sp«ciin«it of VuIdiu Baofa al IroB 
oc, Illniliaied. SemtbEdiiloo, IbonniithlTTeTiMd ud sovidanbl* 
i bj B. Wthdrah Tam, M.A., Author of "Tha Sdeaca of B^lit 



■nd Sione, 

cnlareBd bj B. . . _ 

lug," kc With 6i PUtsi, ParDsll ol Iha Aalbor, 
One IvEB Vol.. 4to. prk* f i ji. -' ■- 



id Hreial Waodcau. In 



ni.'^KTiSiUuSS 



CARPENTRY AND WINERY. The Elementary Principles 

-. . ^ ^u..« J ,_-_ -ug sundud Wgtk of Thdu» 



nt Carpentry. Chiefly compoi 
Tiiai>r.aLi>. C.E. With Addiiior 



Chiefly doni(>o»ed fior 



cal Coaveitloa ol Timbei. 
leading EagUih, French, and Ar 
A.H.lDttCB., M.I.M.B, Second 

Lu-IB CTDWD SVO, 440 pp,,gi,clMtl 



UNERY: Its Riw, Progreia. and 

MRDigemeat oC S*w HIllii and me EconoBiIii 
mplea of Rnceal Dedna bf 
Deri. Bt H. Knna Suai 



Sieholaon's Carpentry, 

THE CARPENTERS NSWGUIDE; oT,BookolUaesI(KCax- 

Knten: coinpriiing all the EltmeDliry Princlplei eusnliil for aunlriDe ■ 
DwlBdgE of Cartvnlry. Fann'led on ihe lata Patia Nicholson's SUndanl 
Work. New Edition, Revised by A. Aihpitii., P.S.A. Witb Pfaolical 
Rntsa on Drawinf, by G. Fybb. Vfiih 74 Plilei, 4tD. £1 11. oloib. 

CHretUar Work. 

CIRCULAR WORK IN CARPENTRY AND JOINERY; A 



Practical Trei.. 
Gkobok Collii 



uiplnof 



in Circular War I 
'A'itb DiaE 



HandrailiHg. 

HANDRAILING COMPLETE IN EIGHT LESSONS. O 
(he SquarcCui S^ilem. By J. S. Goldthorf, Teacher o( Gi^nmetryan 
BuUdJnK Coniiraclion al the Halifax Mechanic's Inslliiite. Wlib Elg) 
l>lalf! Dn<) over ijo Piactira! Eii^rciSES. 410. Ji. 6.1. ctnth. 
-•l-n..il wbcoFcm.>i.HI.hlti.;.lu<nt.Hjln«. mnJwim.lio i:>kc > |«id> in uiud hf 



CA&PBNTSir. TIMBER, tic. ag 

'^andraUing and StairbuUding. 

A PRACTICAL TREATISE ON BANDRAILING : Showing 

-- * -■» lor Findioe Ihs Pilch of Ibe Plank, Diewing IDs 

ing-Dp, uid Squvine the Wrealb. Uy Georgi 



2Vm6er Merchant's Companion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANIOS. CoDtainingNeirindCDpiaiiiTableiDlibiiKeilucedWugtii 
MeuaTemenl of OeaA and Balteas, o< sll sins, rrom Ons lo a Tlioiu 
PiecBB, uid lbs nilUive Prica thai ucli liie bean per Lineal Foot lo 
BvenPticeperPeuiisbDce Sundud Himdred* ibD Price pai Cube For: 

Valus o[ Doal) and Buiens by ths Siandud, lo Squui- Timber by ibe L 
a) JO Put; (he teadlen mods of aKmaiDuiE ibe Price of Scaoiliae 
Lineal Foot of anj lira, 10 aor ^ven denie per Cub* Fool, Ac. Ac. S> 
WujLiAii DowiiHB. Fotuth Ediclon, Revued and Coneded. Cr. Svo, }i. cl. 

" EvvyihlBfl ti u coiiclia and dMT u It hd pou^yt -*- "^ ' -.-.>-.^-. 

■my (tmbot bflRhAV and ttuHame CUtfH to yfouum te."— //n 
■■ We fln B^A 10 Me 4 feiulh eWoe at thua tOnOMt 

Hmber Merchant. 

CTICAL TIMBER MERCHANT. Being. 



Practical Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT. Being a Guide 
for Ibo OSB ol Building Conllaeiors, SorvByon, Enildeo, ftc. eompr-'- " 

Dteful Tabln lor aU p°rpo>ei connecled with tbe Timber Trade, Mar 

Wood Emhy OB the SlrengUi ni Timber, Remarlia on the Growih of Timber, 



d, EMflY OB 

By W.Rlcy 



Packing-Case Makers, Tables for, 

PACKING-CASE TABLES; showing the number of Super- 
ficial Feel in Boie: or Padtln^'CaKe, (ram lii inches sariare aod apwardi, 
^By W. KicHAanuiii, Timbei Braker. Tbiid Bdilisa. Oblong 4I0, 31, U. el, 

Buperfieial Measurement. 

THE TRADESMAN'S GUIDE TO SUPERFICIAL MEA- 

SURBUENT. Tableecalculaledfromi loieo incbei in lenglh. b; i to loB 

'--'■" '- '-—-'■'- " ■■' Sur-e/oc. Englocer), Timbot 

naa. Fouilb Edition. Fcap,, 



Destined to afford la- 
are ot Forest Trees for Ornament or 

„. . . . . JO and Cai8 of Woodlands. »iJf.B. 

HouoB. Latee crown 8vo, loi. cloih. 

T^nber Importer's Ouide. 

THE TIMBER IMPORTER "S, TIMBER MERCHANT'S. AND 
BUILDER'S STANDARD GUIDE. B; RicHXno B. Guhdt. Comprli- 



ina an Analvsia of Deal Standards. Hoi 
v3ne» and Tabular ' - - ■ ' 



., . — „ - .. Landed Cost on Baltic 

Deals. IncIudiuK all intermediaw Expenses. FtdKbl, 
together vitb cepioas Informatioa (oi the Retailer and 

4 tun of Qiauriaf uuuvMai Mela, i^iOiuiiiu, dotw *&'— EmftM 



I 



CSOSBr WCRWOOD «• SON'S CATALOGUB. 



DECORATIVE ARTS, eto. 



Wooda anit Marbles (Imitation of), 

SCHOOL OP FAINTING FOR THE IMITATION OF WOODS 
AND MARBCES.ttT^titbt nad Prutiacd b)>A. R. Van dek BolOBod P. 
Vai dh Bino. Diieclon ol (he Rollerdam Punlmg [ntiKniioD. Roml folio. 
■8t bj lit >"■■ ILluKiBicd wiib M fuli'siie Coloured Plalea^ ■!» a plain 
"'-' liimEislPlltuiei- Second Bad Cheaper EdiliOD. Piicefi iilM 




Grtiukod Mathodi nf Mwlnlallu 
0CCnSr£K 

,W 



Bouae Decoration. 

ELEMENTARY DECORATION. 

FoiBU of Bverydsr Art. Togdber wllh Pfi 

TiOJV. By Umes W. P*c«». Willi numerona jimiusiioiH. in une vol., 

House Painting, Oraining, etc. 

HOUSE FAINTING. GRAINING. MARBLING. AND SIGN 

(PKir/NC. A Praolici] Manual ot. By Ellis A.U*vidsob. Siilh Bdiliaa 
«r,th Coloared PU1b( jnd Wood Enp«vings. i»nio, Si. clolh boirdi. 



Dcooratora, Receipta for. 



Moyr Smith on Interior Decoration, 

ORNAMENTAL INTERIORS, ANCIENT AND MODERN 
Bt I. MoYK Smith. Super-royal 8vp, wiih ji fuH-page PlAiea aod nnmBioiu 




DBCOBATIVS AMTS. m. 



MARBLE DECQBATtOS mU tki Tmrnmaka 't Britak amd 

r- iiri Ifi ••!! I nnlliiii> ^11 — ■liMi BmOta "' 

Aathjot-tfcg-.igMli«.Jtt|ifr nM.-Jc WB^rtUI 



J,eU. 

MAKBLS AND MAMBLE WORKEES: A Handbook fat 

AJ'tfKca.Al&a.KaiiH.iMl StBdcBtt. B* Anwn tA. AMbot si ■ A 
jriiMtaC«nn.--'t>.WartMetlUriil*,-fc. BiMl|Vrii»nti^t>.e^ 



OaJMOTTEt WORU M tUMMnUTmH MD ALPHABETS. 



A PRIMES OP THE ART OP tLLOMlltATION.fortk* Ouof 

"-^ ..... t7Ti««i»««»«An.PT»3itaIDir»ciiiiii»liK 



cAe. CcDccadaod EapsMd br F. Di '—^ 



Cidleeied ud Rocnvad bjr F.D 
■Dd Cbe^H BdhfOB. Koral Ira 



EXAMPLES OP MODBRlt ALPHABETS. Plain and Ornammtal: 
toclDifinf Gwaoo, Old KMlidi, Soon, IuUe, PermcGrt, Gceck. HbOtsii, 
Conn Band, riiiiiniiin Tnicaii, Ubud, Gothic, KDiae, uid Anbesqaai 
viUi umal Oricuwl Pulgin iiiiIhi fliiiiljiii iif ihn llrinun ■iirlfiiii rin.llili 
"-•--•-^Intt tai 011101. ■DdNoaicnli, for the u> of DnD|tbiiineD,SDr- 

' "^ '-MPalotB^LilbapBtiban.HaBmii.Can'aii.Ac. 

by F. DSLAHOTTS, Miul pri nt Bd is ColaarL Nftv 
. Koral ■nit DW(»i|b *>- W- onunieiital buidi. 

-■ '- -- ^i ^ -. ■ It iftiliUet Mi 

'medieval ALPHABETS AND INITIALS POR ILLDill. 
HATOSS, By F. G. DKumorrt Containine ii Plnlei uid IKuniiiiMed 
■nilB. prjntsd Id GoW mnd Colaiira. Wiib in Iniroduqilon by 1, W.t.i.n 
HucKHa, Fonnb lad Cbeipcc EtHllon, Small 4lOr 4>- ornameaia] boaidi. 

THB EMBROIDERERS BOOK OP DESIGN. Conlainlng 

Iniliili, EmbleiDS. Cypher*. MoaopaDis. DmuDBnlal Borden, Bccleiiuticil 
DoTien, MediBval nod Uodem Alphabcti, ud National Bmblama. Col- 
1«1ed by P. Dut-aHOTra, ■nd piiuied In Cotaun. ObloDi roytl in. ii. M, 



I 



ja CSOSBY LOCKWOOD A- SONS CATALOGOB. 
~~ NATU RAL SCIENC g, eta. 

The Heavens antt their Origin. 

THE VISIBLE UNIVERSE: Chaplers on the Ori(^n and 
Conairactlaii ol thg Unveiu. Dj J. E. Cou, F.R.A.S. Illuttntad by 6 
Stcllu PbDiDKraplu ind ii Pluok avo, i6i, ctotb. 









Ihi Coni/elUtions, 




i, u rri. t,LOSSARY: o 
IrdQuiny. Willi Tables ol D«l 
aliog CslnlUI Obleou. B; |. Ell 
VUbla tlolverie." ftc. Small ciown 



Aetroii i 

or, Dictionary of Tenna 

1 UttB or Renuikmble ud 
i^oRi, P.R.A.S., Aalbcc of 

iS.fiJ.elolb, 

Uie Mioroeeope. 

THE MICROSCOPE : lis CoaatniclLon and Maoagemenl, in- 
cludlog Tedmkiue, Fhoio-mlciDenphy, and ihe Put and Fuiori! of iba 
MicIOKope. By Dc. Henri vjtH IfevBcu. Re-Ediled and AogmHiud (nni 
tbe Foailb French Bdlllon, sad Tnni[aud b; VftKtiK K. Baiter. F.G.S, 
400 PMUi wilb apwards of 3J0 Wood^iin, Imp. Nvd. i&i. ciotlL 

Th* Microscope. 

FHOTO-MICROGRAFHY. By Dr. H. van Hburck. Extracted 

bora the above Work. Rgyo! Sva, wltb IlluilialloDi. 11. jewed. 

Aatronomy, 

ASTRONOMY. By the lata Rev. Rohbrt Maih, F.R.S. 

Becent and ^oasil SheUs. 

A MANUAL OF THE MOLLOSCA : Bting a Tnalist an Rictnt 

andFoailSluUt. BfS. P. Wooi>w*»d,A.L.S., F.G.S. WiOi nn Appandil 
on Riant *«d Foail CiwtliotosKal DitcBvtnti. hy IU1.P11 " "^ " - 

F.G.S. Wilb M Plaiss '"-' ""—'--i- -' — "< — J -— 

• A mHl nloibls nonhmue si toncbolimUJ utt kmIo^ImI lulDnuUflL'-^Iomi Cutf. 

Qeology and Genesis, 

THE TWIN RECORDS OP CREATION; or, Gioloev out 
GKUtil: Ihrir Prr/in Hammy and WonAit/iU Commt. BvGeomuW. 
^Victor LI Vaui. Fcau. b™, si.cloih. 

UhI iiB HLjIiliuy li left uitCklKpwU.'— r.^ RkM. '' '' ■'"*« 

Geology. 
W[;i5/afewrj<^flv' treatise on geology, physical 



Is of joo Woodcuu. Keprioi al Fouiih 




NATURAL SCIENCE, ilc. 

f DR.LARDNER'S COURSE OF HATURAL PHILOSOPHY. 

BANDBOOK OF MECHANICS, lie-wriltea and Enlirged by 
B. LoKWT, PJl.A.S. Post 8va, Si. eloib. 

HA NDBQOK OF H YDROSTA TICS ■&■ PNEUMA TICS. Enlarged 
bf B. LcEwy. P.R.A.S. P«1 3vo, it, cloth. 



^ 



BANDBOOK OF OPTICS. By Dr. Lardnbr. Edited by T. O. 
H*iiDTno, B.A. Post evo. Ji. tloi!'- 



DR. LARDNER'S MUSEUM OF SCIENCE AHO ART. 

THB MUSEUM OP SCIENCE AND ART. Edited Dy 
Dt. Laedheb. Wilh npnardi of i.nu Engisvings od Wood, tn 6 DonblB 
Voliuim, £s It. In ■ new tnd eleKUildatbblndini;; or baDdiomeli baonil la 



*.' Stpamlt bBoki fnrmti Itnm Iht a 

Common Things Barptalnld 
Th« Mteroaeopr. u, cloib, 
eopular Geotegy. u. 6J. ela 
Popular FA VI I «. ti.6d.c\o 



Srsom and Ua Una. a 
I Popular AtiroHomy. 

ThmBeeaHd WhUeAM 
I The KI^cUAb Telegrai 



Dr. Lardner's School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS. Fcap. 8vo,3J.6ii 

ANIMAL PHYSIOLOGY FOR SCHOOLS. Fcap. 8vo. js. M. 

THB ELECTRIC TELEGRAPH. By Dr. Lardmkr. Re- 
viMd by B. B. BmoiiT, P.R.A.S. Fcap.Bvo, M.6J. elolh. 

uldUt Uodkj UUOI OD Lba FJ&tUlc TBtBgriptl.'-—£l1fitlk Mrdi^Hii-- 
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CROSBY LOCKWOOD S- SONS CATALOGOB. 



OHEUICAL MA NUFAOTPR Ea, CHEMISTRY. 

Refrigerating, etc, 

REFRIGERATING AND ICE-MAKING MACIlINEBYi 
A DocripUvB Tt»iise [or ihc VtJc of Ptnota ILtaolojlaw. RdHeowW 
and Ih-UoUdi; insDllailon^. and olheri, Bj A. J. W>i.i.is-T>vuic C^ 



Auoc. MgmbBr 1 






Chemistry for Engineers, etc, 

BNGINBERING CHEMISTRY : A Practical Treatise for tlw 
Uu of Analyiical Cbsmliu, KBgineen, Iron Maswn, Iron PaaadH^ 
"—dean, and otberi. Comprldng Mgibadi ot Asalnis giid VaJoaUan of Ila 
KdFal Htleriali nud la BaginurLnR Wock. vllh aumerooa AioItm^ 



r^HS^ 




chApHrtia'OfliHdLBbikaUiin' tMiBf ifwdBUfi 

Manufacture of Bxplosivea. 

NITRO-EXPLOSIVES : A Practical Treatise 

GLycsrin.: Nl^^ciluliiK. Slira-Benio], Niuo-TolDOL, N 

Gan-Couoa, the Dinamiles, "-'--- " "- -— '"- 

-'-- "-"iloid, Ibe Fnlmiaaie 



of Mlolog El 



E' 



P.C.S. ■ 






Powdin. For tbe Un 
ills, tee. BiP.Cm 



^ 




Mbcplosives and Dangerous GooAn, 

DANGEROUS GOODS : Their Sources and Properties, Modes 

DfSCDiige. aad Traoipon. Wlih Notei and CommEalt do ADddi 

Aua □"Parlii'meol, ^s.^'a Guide io^lhB^e atGo'eramttxt andRailwa* 
Officlala, Sleamibip Owners. lo^uraiiee Companies and MaauracIDieii asd 

osMiof Eiploaltesand DangeromGoods. S.H.JoJ " 

F.C.S., Aulbor ol " EnglaecrinB Cbinilatry. it" Cruwn oiv.iya pp., »■. 
cloth. tJiiU^itfUjUf, 

Explosives. 

A HANDBOOK ON MODERN EXPLOSIVES. 
Fnclical Tnalise od tbe ManaFaclure uid Appllcilioa ol Drni 
Cotton, NfUo-GlfcaricB. aod other Eiplotire Corapoundg. iDcladiiu 
Uunhcture of dolkidtoa-Cotloa. By M. Bisilir, Author of " The Ui 
jnrnof Gi)ld,"&ci. Crown 8vi>, i<u. Gd. clolb. 

Alkali Trade, Sfanufacture of Sulphuric Acid, ete. 

A MANUAL OF THE ALKALI TRADE, indading Ibg 

Maaulacinre al Sulpbaric Acid, Sulphate of asda. aad Dleachlog Powte. 
BiIoHH Laiias, Alkali Mioufactiiiar. Nawcaitle-Dpon-Tyne aad London. 

WUliijilllmiiationi and Working Drawings, and donlaluii ■ 

Teil. SMond fiditiau, wlih Addltinni ~ 

-.- --_ dT ■spuilns .ni (lmi.>i>d ll«« •!- '-' >■ ■ 

rafnrvlBvrrvruUy Ll««ttiE44iDt]LL>IIUdlu]. vdm 



leuE 

its, Cm 



laluiDg igopagitnt 







3%0 Bt^wptpe, 

THE BLOWPIPE IN CHEMISTRY, MINERALOGY. AND 
GEOLOGY. CoDliining M knom Uelhoda of AntajdioQa Amlyili, maDj 
WorkiDE Eumplea, uid Instiuctions foi Making Appalaluj. By Liint- 
ColonelW.A. Roas. ILA.,P.G.S. Wlih iio Uluiiiiiioni. Second BdiUoo, 
Keviiid and Enluged. Croon Sto.ji, ilotb, 

Comntercial ChemietU Analysis. 

THE COMMERCIAL HANDBOOK OP CHEMICAL ANA- 
LYSIS; 01, PratllesI Insltucliona for Ihe delettaimlidiiol Iha rotrioiie or 
Commercial Value of Sub^iaacei ased In Minuf^cturei. in Trades, and lo 
IbeAila. By A. NoswAnnr. New Edilion, by H,M. No*o,P.H.S. Ciown 

Dy«-Warea and Colours. 

THE MANUAL OF COLOURS AND DVE-WARES : Their 

Ptapu-liM, AppUeatlona.Valaallani, ImtiuritiH. and SopbisUcallani, Vat lbs 
DU of Dnri, Priolsn, DrrtalUn. Blokeri, Ac. By I. \V. SLtTii. Second 
Edition, ttevJwd and gisul; Enlarnd. Crown Gvo, 71. 6d. claih 



Modern Breming and Malting. 

A HANDYBOOK FOR BREWERS: Being a Practical Guide 




Analysis and Valuation of Fuels. 

FUELS: SOLID, LIQUID, AND GASEOUS, Thar kmiysia 
and Valnalion. For tbe tlie ol Cbemuls and EnKineeni. B; H. J. PmLLin, 
Bc-e (-'merly AnilTllcal and Conanlline Cbemiat lo tbs Gfeal BaileiD 
Second Edlllon, Revfasd and BnlarEcd, Crown Hvo, ji. clotb. 



ients. 
THE ARTIST'S MANUAL OP PIGMENTS. 



A Bdiiji 



. Crown ( 






Gauging. Tables and Sales for Sevenue Officers. 
A POCKET BOOK OF MENSURATION AND GAUGING: 



j6 CROSBY LOCKWOOD «■ SONS CATALOGUE. 

IKDDSTBIAL ARTS. TRADES, AND MANUFACTDBES. 

Y Cotton Spinning. 

b COTTON MANUFACTURE: K Manual of Praclical Instruc- 
B tton in ihe Pracnua of Opcniag. Girding, Combine, Drawing, Donbllog 
■ and Spinning of Cotton, Ibe MelLodi of DyelnR. &0. For Ilie Use ol Opfln- 
r ti\-ai, OrerlDokers uid Mumficlutera. B( Johh Listii. Tecbriicd la- 
' ittuBloi. Pendleton. Syo. 71.M. ololh. M^im^^ 

^mtr Mannfacture, MHUng, etc. 

FLOUR UANVPACfVRB: A Treatise an Milling Sdeace 
■nd Pncdea. By PraTaiMr Fmediich Kici. Truiililed ftom the Socmid 
BDlufBd ud RevUod Bditfoa wllb Supplemoii. B7 H. H. P. Pon- 
* ■MiIniiaB. NmtIt <oo pp. tUuantled uri-"- -" «>-'■■■" ni— —' 
Royal SvOiM. cV-~" 



Guide la Ibo Muufacinia and Appllcaiian ot ihe vaHaiis AgElutlaints re- 
qulisd In tbe Bulldine, Motal- Working, Wood-Workinc and Leather-Worh- 
Ini Tiadst, and for Woikitaop, Laturatair ar Office Use. Wlib apmnU ol 

goo Racipea and Fan--'- " *■ " - - " -'-■- 

''Wa hin plHuia In ip« 
lUch li IHX mcDuldaffabla. l~ 

'8om>-^naking. 

TUB ART OP SOAP-MAKING : A PtmUoU Handbook of tta 
irana/acfktf 0/ r/arrf and Suit Saapt. ToiM Soaps, itc. Br ALKiAHoaa Witt, 
FlIlbKdiUcw, Revised.ioclnding Modem Candle-Mikiag. Craim 8vo, t'.<U, 

--'- [JU./fkfrfl.^.,J. 



Paper Naklng, 

PRACTICAL PAPER-MAKING: A Manual for Papor-makera 
and Owner) and Minagera nf Papei-Milli. With Tables. CalcnlatioDi. Ac. 
Bv G. CumaToH, PapM-maker. Willi IIInMnlleaa at Fifatat from UicrO' 
Pbotograpbe. Ciowa a<o, u. ololb. niutMlMiW 

■ - ■ ■ fli liinai. inpjwnicM. *c lABC 

- " -Fiifrr Trmit Knirm. 
Dltlili ilinnumgr ptaelleal 



Uanifaclun of Pafir Irom Ran. Eiparlo, Sln», and otiitr Fiiroui UalirUb, 
iDclndloir Ebe ManuFactncB of>ii1p from Wood Fibre, with a Dnciiplian al 
Ibe UecfalneiT and Appliances used. To wbicb are added DeiaHs of 
" Dcesies for RecovsrloE Soda from Waile Lignon. By ALiiuiDaa Watt, 

iiborof'Tha Ariof SoBp-Maklog" WiihlllaiH. Ctowo 8vo. 71, «. clolh, 
A Tba -ktl or pApif ^nukbc,' h in vtbtj rupcct m mndnj or ■ tD^-boak. sitb«> fV ■ 
.if cluaof for (h* prime KuiUiii.''—/\i>frd»J^WnMv Tru^j ytttr^al. 

ither Manufacture, 

THE ART OP LEATHER MANUFACTURE. Being a 

Praclical Handbook, In wbich Ibe Operalfoni of Tanning, Currvlng, and 
Leaiber Dreisinp; are (ally Deuribed, and Ihe Principle! of Tannlog Ei- 
plained and many Receol Proceiiei Inlrodatied 1 as also Ihe Metbods for 
tbe Eailnutlon of Tannin, and a Deaoripllan ofths ArUof Glue Boiling, Gal 
preuing, Ad. By Aliiahdii Watt, Crown Ivo, 91. cloib. 
lucDan. aliJch wlnndi 10 Ilia cndH al txitE luiliiH iiul pul.lHhen. --£*>nlnil AiMiw, 




I 



INDUSTRIAL AND VSBPUL A8TS. 



Watch Afiiwttina. 

THE WATCH ADJUSTER'S MANUAL: A Practical Guide 
for tbe Wxch ud Cbioaomeief Adjusier in Makin(. SpriDgini. Timing 
and AdJDuinE lor liocbronllm, Poslllons apd TemperatarH. Vj C B^ 
Fbitth, sropagM, wilh liluilraUgni, 8vo, iSi.clotli. Quit publisiui. 

"Morotogy, 

A TREATISE ON MODERN HOROLOGY, in THiety a»i Prae- 
lici. TranslaiEd from Ihe French of CLivnius Sadhih, ci-Dir«!or ol lbs 
Scbool a< Horology it Miton, bj Julieh TmrrLiH. P.R.A.S.. Besancon 
Watcb Manadcluisr, uid Edwod Rico, KJi., Aiuyer in tbe Royal Mini, 
WilhjBWoodiuuand 22 Coloored Copper Plans, Sccr--""^-"-- " 



' Wtttehm aking. 

[ THE WATCHMAKER'S HANDBOOK. iDtended as a Work- 
I ibop Compajiion for those GDiaied in WalcbmaliiaiaDd tbe Allied Mecbanl- 

I —I.... -T- 1-._J r„^ ,[jg^jjQj(j _if c ■ ;j 



Watches and Timekeepers, 

A HISTORY OF WATCHES AND OTHER TIMEKEEPERS. 
By UuES F. KiKDU, M.B.H.lnsl. u. U. boatds; 

^■Opeaihfbiok wlm jkiu ny, Iben L> InunBlnf i 



c Tbird EdiIioD.Reviied. CiowB 

Uectro-MetaUurgy. 
ELECTBO-UETALLURGY : PrtKlicallyTnaUd. ByALEXANsmR 



Working in Gold. 

THE JEWELLER'S ASSISTANT IN THE ART OF WORK- 
ISG IS GOLD: A Practical TteaOse for «a.lor< sndWorVmeo, Compiled 

, u.T, i . -Tt:.... ,■„... ivorksbop Practice. ByC»o>otE. 

Ibooli,"ii«, a. Itvo.7'. W. clolb. 



CROSBY LOCK WOOD «• SON'S CATALOGUE. 



Ehctroplat t ng. 

ELECTROPLATING: A Practical Hsudbook < 



Udd o( Copper, Silver, 
Willi DsKrlpiioQB of I 

Hactaln«utedialbeAr 
Light. " &<j. Third E<llti 



I theDq«rf 



1, W, Utou"*". C-E.. Am 



I 



ELECTROTYPING . TU SibtodMCtion and MuttiptiMtion of Ft 
imtSM/aaiimdWo'kiof Arl by H>t EUtlttHUpetUvmalMilaU. Bj). 
UiiouK:>itT, C.E. Crown aio.Ji. cloth. 
" TlH book k ituumihto analoL ibt <ml« b. lAonfon. c 
!■»» otoU cPldir. ibm ihxwfli Uw nmala uud tir alKUon^ni. ttv 

Golt^mith^ Work, 

THE GOLDSMITH'S HANDBOOK. By Georcb E. Gi 



■ir. 



•T, Ac. Thifd Ednion 



leiKblr B 



aUversmiths' Work. 

THE SILVERSMITH'S HANDBOOK. By GEOmsK E. Gi 

Jewel tei, ftc. Secand Edition. Reeiud. iimo. iI.M.cIolb. 
W«dUr dUum lu iiiiiln''>tm ibor III down utoiit U.-'—MarWI' ".iMmHli. 
*,' T;tt nasM IM Borlu iBgithn, ittimgly halfieimd, fntt ji. 

Sheet MettU Working. 

THE SHEET METAL IVORKEK'S INSTRUCTOR : I 
Zinc. Sheet Iron. Coppri. lud Tin PUie Workers^ Conlaiiiing Rule* bM 

ByR. H.W.Bii, Tin Plate Worker. With Tbi 

Bread and Biscuit Baking. 

THE BREAD AND BISCUIT BAKER'S AND SUGAB- 
BOILERS ASSISTilNT. Including a large variely o( Moder 
fir RoBiKT Wills, Ptacllcal Baker. Crown Evo. u. cloth. 

Confectionery for Hotels and Seatauranls. 

THE PASTRYCOOK AND CONFECTIONER'S GUIDR, 
For Hotel!, RestsDcants and the Trade la general, adapted alio for Punilf. 
Use. By RoBiiiT Wellb. Crona llvo,ii, clath. 

Ornamental Confectionery. 

ORNAMENTAL CONFECTIONERY : A Guide for Bakery 



ot Moden 



udingiTaiietToO 
jd Wotk. With » 



te; 



Conff 

flour Confectionery. 

THE MODERN FLOUR CONFECTIONER. Wholeaale 
Retail. CoDtalnini b large CollectioD of Recipes for Cbeap Cakea, BiBc 
A^iih Remarks on the In^edienia used in their Uanofacture. 



R. Wel 



mil Svo 



clolli. 




EANDTBOOKS FOR HANDICRAFTS. 



B, cIdIIi, piics u. e 
•tilltnlosmltintor 



loJioB /o»- Won » MSB. 



UDQi s/ (Ac incral Crj 
WWH BJ maltnal, SDrk 
«dM^(c..i u Jr.ily ill 



A Praetieal Mamuil 

ratloni. Pries l>. 

THE WOOD TURNER'S HANDYBOOS. A Practiail UobvU 
/Bt WtrkmalthiLMkt. WItb ovei laoIlJiiiIratlDns. Price ii. 

TBS WATCH JOBBERS HANDYBOOK. A Practical MmmI 
HI CldHHS, Rtfairi'g, and AdjuilinK. Willi spwudi of loo lllusIiaUoiu. 



TBB MECHANICS WORKSHOP HANDYBOOK. A PracUcal 
Manual en Unhaniial Uaitipulaliai. BmbiBcinE Inroiinaiion an variom 
HuuUciafi PioccHd, wiili Ouful Note! ud uTtcelluioiu Uemoraiidi. 



THE CLOCK JOBBER'S HANDYBOOK. A Practical Manual 
on CliBHiBgi RtpairiKf, atui Adjuttmg. Wllh upwuds of loo llluiIrBIioa). 



THE CABINET WORKER'S HANDYBOOK: A Practical 
UbdusI od Ihe Tools. Malerlali, Appliancss, lod Proceuea omplotsd Id 
CabiDBt Wock. Wiihapwardiof lootJlusitaUooi. Pries ii. 

THE WOODWORKERS HANDYBOOK OP MANUAL IN- 
STRUCTION. Embriciog InfoiomilDn on ibe Tools. Maiorials, AppElinon 
•Qd F[oce*Mi uuploysd Id Woodnoiklog. Willi 104 lIluBlialioni. PclM u 
CJwi fubtiikU, 
THE METALWORKER'S HANDYBOOK, With upwards of 100 
lln pj,pi»al«m. 




CROSBY LOCKWOOD 6* SONS CATALOGUE. 

COHMERCE. COtlNTINGHODSB WORK, TABLES, etc. 






Commercial EtluctUion. 

LESSONS IN COMMERCE. By Professor R. Gambaro. o( 

"ic Rojr*! Hicb Cammiictil School al Grnoo. Bdiud aod Keviied bT Jaui 
:, ProSam al Comoierac und CommHclnl Law In KlM*' CoQet*- 

- BadEdilion.ReviitJ. Crown 8Y0.3i,6iclolb.[Jii«fllWw»rf. 



For^gn Commeretai Vorregpontlenee. 

THE FOREIGN COMMERCIAL CORRESPONDENT : Being 
AidaloConnoercialCoiieEponilenct in Five Lia,!ua«ei— Baglish Preacb. 
GamaD, lulias, asd &];«iiiili. Bv Cohbad E. Buna. Second Sditioo. 
Crown Bto, 31. M. cloUi. 



^ 



Accounts for Manufacturers. 

FACTORY ACCOUNTS: Their Principles and Practice. A 
tJaodboDk for AccounlantB and Uannfaclutcis, wilb AppcDdEcsa od lbs Mo- 
msnclalure or MacLlne DeUII«{ (be Income Tin Acu^ Ibe Rallne ol Fbc- 
lories; Fin and Boilsr losuiance; lb« Faclory and Wciklbop Acu, ftc, 
inclndlng alio a Clciiu; o( Termi and a large numbei of SpeciDien RnlmEa. 
Bj Bhili Ciacii aatl J. U. FiLU. Fouiib Ediiion. ReTlied and Bo- 
Uieed. Demy bvo, ijo page*. Oi, ■tnuml; bound. 

"Air«Tlin*i«4dtf*^^^P^°xo'L'^n4utTBiD«l>DrFw:ioryActo«iRts. . . . tbflpvtn^ito 
■«M>Bltal&i lb> l^nr AcccHuut u tb* irH»i] inBiPKiW bnln to DU wb^ 

Modem Metrical Vnits and Sj/stema. 

MODERN METROLOGY : A Manual 0/ Iht Metrical OHM* 

and Systtmi oj llu Pmcnt Cnlury. Wilh an Appendiicontainingaptopoaed 
Bnglisb Syslem. By Lowis D'A. 1>ct»0H, A.M.lnil.C.E., Auibor oi *' Aid 
^loSoiTBy Praciice." 4c, Larwerown Svo.iw. M.cloib. 

The Metric System and the British Standards, 

A SERIES OF METRIC TABLES, in n-liuh IHt British Sttmi- 
ariMtammiuid WnglitsaTtctrnpartdmilhlUiiuoftluUtlricSytltmalfnunt 
iKVuBnttuCtmlinml. By C. H. DowLJua. C.E. 8co, lai.U.atroDEty booDil 

Iron Shipbuilders' and Merchants' Weight Tables. 

IRON-PLATE WEIGHT TABLES.- For Iron ShifbuiUtri, 

Exginim. Olid Inn Kifckantt. Conlaining Ibe CBtCDlaled Wel)<fatB ol np- 
wards of i}o,(wo diBerent aitu at Iron PULes. bom 1 fool by fi in. by tin, 10 . 
10 feel bj i Ieei by i In. Worked om on ibe basii of to lbs. 10 Ibe sqnira 
foot of Iron ol 1 mcb fn Iblckneai. Carefully conipili!^ and (boienRbly Br 
vised by H.BiiiL]i<soK and W. M.SiHrsoH. Ohlong4" "" ""'"■ 




COMMERCE, COUNTING-HOUSE WORK, TABLES. tU. 41 

Chadwick's Calculattyr for Numbers and Weights 

Combined, 

THE NUMBER, WEIGHT, AND FRACTIONAL CALCU- 

LA TOR. CoDIaiaiDg upwards of isaooo Separate Calculalioni ibowiog al 

gUnce Ibe tbIu> at 41* dlBncni mea, tangiuij Erom rlii'i or 1 Fenn; lo 

a. each, or ptr cwl., and fan pet (on. ol any Dumber dI attjclea coaseca- 

»ely, frpBi 1 to 470,— Any niunber o( cwtB.,<ii>., «jid Ibt.. (rom 1 cwt.ig^ 

WiLLiAH CBADwiot, Public AceODDOmi. Tbird 'Edition, Revised and im- 
proved. Bve,lBl.,>l[CiO|l; boimd lor Office wear and tear. 

"U CempimuL SkifUn, Skitpbif Agalt, Gtmml Carrim. cic. innloundtn, 

ilotmdin, Milal MmhuU, /tm Mdoii/uniriri. Irmmtmrm. enWimri, 

JtwAiniKi, BoUh Uakm, ItiUwtitUi.RoofKg. Bridgtimd GitdB Ualun, CvltimJ 
Pnpritlan, ite. Timitt Mmiaidi, Btuldm, Cantraclon, Archittai, Sunoon, 
AlMiimnn, Vtlutn, Bteim. MiU Omntn and Maim/aaurm, UiUFumuktn, 
Mrtilumit, imd Gmmtl WlmltuU rndnmtt. AUa ]ot On AtferlUmmtiU t/ 
Mittagt Cliattn fiit Railway Tnffic. 

idHaEOm >mi mom quIckJi mde. For iii>Qi« u^ >i:[ounIs at asti^iei thigMji nna 

Harbcn'8 Comprehettaive Weight Calculator. 

THE WEIGHT CALCULATOR. Bciog a Series of Table* 

Dpoo a New and Coniprebeasfve Plau, eibibitlug al One RcfereDce the eucl 
Valoeof ■D]' Weight irom i lb. (0 15 loos, at jdq ProgresBive Raiet,froiii id, 
to 1681. per cwl,, ud conlainlne ii6,ooo Direct Ausweri, which, with their 
CombliiBIIoiu, GODilsUiii; of a iingLe addLIiDO ItnoBIIr 10 be perionocd ai 
■I|bl). will aflord >o aggregate of iD.iW.om Aoiwen : ibe whole beisecalcu- 
laled end deaigtied to enaure coireclnesi and proiaate despatch. By Hhhbv 
Huiau), AocoDOtaDt. Fiftb SdliioD, careiiiUy Corrected. Rofal Bvo. 
£1 ]i. ilrongly hal^baaDd. 






Barben's Cofnprehensive IHscount Guide, 

THE DISCOUNT GUIDE. Comprising several Series of 



d the ei 









Delhod ol ellb' 



Alleriiie » Rale d< 

more t»Kanni> : 
to percent.. Tabli 

BdlUon. KevlHd i 
CBUbU niduL-— firlHi* Tmli ymmtL 

New Wages Calculator, 

TABLES OF WAGES al 54. 52, 50 and 48 Hours per Week. 

howTin eBc\ cTsc at Rates of Wages adviin<:be by One Shillln° fiomis™ 
;si. per week. By Thos. G*B>uir, AccQunlant. Sauan 

Iron and Metal Trades' Calculator, 

THE IRON AND METAL TRADES' COMPANION. 
eapaiUtiaiuly aeeertaininglheValaaof any Good* bought or aold by Weight 
trom u. per cwi. 10 iiu. per cwl., and liooi one hrlliing per pouod to oni 
•billing per poond. By Tbohai Dowiii^^igGpp.^pi. teuher. 

■wyjaat t i nriim In iSTi Mn li nW nlitn— W MaiBWtiirwelrtL'-JtJtfu^Adw. 



al wilJ rsaliu any requited profit afKr 1 
1 ol Discount Irom if to 9SI pec csd1„ and Tablei of Ci 
id Corrected, Demy Bvo, $44 pp., £1 51. hali-bonnd, 
■ lunlhalLieli tuthotlLr of Pn^ftBOf J, R. Vounp ttwt^a tal 



ijMi tMtliihid. 
For 



t CROSBY LOCKWOOD * SONS CATALOGUE. 

"DIRECT CALCULATORS," 

By M. B. COTSWORTH. of Holgatc. York, 

iriCKEST AND MOBT ACCURATE HEANB OF CALCVLATIOM KVOV 
HBURE ACCDRACY and SPEED WITH EASE, SAVE TtUE and HOMI 
AcCDunti may ba charged out ar olicchcd by ihaii mtui* In Kbaali 
(Mrd ha tlmi required by Drdlnary meLhodi of e&lculKCIoD. thi 
ntirliatltd-Cnlculatori" have very clear and ortgtnal aon 
ler Inai&nlly nrding the enact tnawer, by Iti Aied poaltlon. wttt 
■len ilthllnl the top or tlda or the pafe. Thsy are varied In mmt 
DUnI to lult the ipMlal DMd of enoti particular trade. 

I.B.— IndJoator lattwi In bracket* ahould be quo tad. 



" BAJLW AY ^ J RAUERS- CALCULATOR' if,. SlTJ) io 

Includion SckIb Df CliKcge* iOr SniKlI Parcels by Meicbandua T 
" DifKI Culculilai"— Iha only Calculator publlibed EivloK exact cbai 
CwlL, Qn. and Lbi., tQgeDier. " Calealelinti Tiblu" lor Boery irf. t 
toce.porlon. ■■ Wuei CaleuUlor." "Peicentigo Rilet." "Grain,] 
Ale, k<s., Wdgbl CJculuoii.-' 
■' DIRECT CALCULATOR (I B) " including all the above q 

"DIRECT CALCULATOR (A)"' by id., U. each opening, i 
pence 10 «Qj. ptt ion. ji. 

••DIRECT CALCULATOR (B) "' by id., 4J. each opening. 



■■ DIRECT CALCULATOR (DS)' by id. gradation s, (SingloTon* 

to ]0 Tani.ihea by Gftiei Io 1,000 Tooa. »ilh C-ib. valuei below In « 



B)o lo 10,000 Tons in 

idaliona. (Aa (D) lt»- 
puBiely to the neanati 

100 to 10,000 Tons ioi 

each opening, eiact: 

DIRECT CALCULATOR IG)" hy id., 11, each opening; 6 in. 1^- 
9 in. Ncaresl iJ. Inde.cd |Q ll 31. M. «. 6J. 

each opening ; 6 in, by 



" DIRECT CALCULATOR (D) " hash 

addition to tbe (Di) Calcublor, ;i. M. 
"DIRECT CALCULATOR (Es)" by 



addition 
"DIRECT CALCULATOR (F)" by id.. 



" RAIL IVA Y AND TIMBER TRADES MEASURER AND CAl^ 
CULATOS (T)" las prepared foc Ibe Railway Companies). Tbe only book 
pablitbed giving true content oF anequa! tided and rouad limber by ei|lllti* 
of an Inch, qnarler clrili. Weights from Cubic Peel—Standaidt, Supei^D^- 
Feet, and Sionsio Weights— Ronn In e Peel Irom Icniiibi ol DealB-SlaodarAi 
WulllpUota-Timbet M easutes- Customs BCE"!*! ions. »":■ 3'-«. ' 




DRICULTUBS, FABMINQ, GABDENINQ, eto. 

_ Fream'a Xew Edition of "T/ie Standard 
Treatise on Agriculture." 
THE COMPLETE GRAZIER, and FARMER'S and CATTLE- 

BKEEDER-S ASSISTANT: A Compendium at HosbandrT. Orlginalif 

Wiiilen by Wiu-UM YounTT. Thirleemh Edllioo. enlii ' " -— 

aoiuiilerably Enlarged, ud broDi>hI up to the PceKtil K 

Agilcnltutal PtBCiiM. by William Fream. LL.D., Slsveo 

'■-' -raiti of Edinburgh, Autbot ol "Tbc ElBineau of Agilcallarc," &a. 
Q_„ ...... ... -'.-ju^ions. £i m. M. BttooglT and 



I ^monu "i 



KDjal iva, i.iM pp., Willi over tjo Illus 
ludHuielr bound; 

BiTBACT riOH FUBLISHEIS 




w Edition. 



FARM LIVE STOCK OF GREAl URIIAJN. Hy KOB«HT 
WtLi^ACK, F.L.S., F.R.S.E., he., FrofUBOi of AeHciiIiius ■ad Rtu>] Eco- 
DomylnlbaUnlTeraitycif Edlnbuigb. Third Edlllon, IboroDghly RcYiied 
Hid ceatldsmbly Enluged. Wllb oreiiio PhoiolTpei atPrinaStocIi. Demy 
_Bto. ]84 pp.. wlib n Pliiu and Maps, lu. M. cloib. 




44 CROSBY LOCKWOOD *■ SONS CATALOGUE. 

Dairy tfar tiling. 

BRITISH DAIRYING. A Handy Volume on the Work of tha 

Diirr-FuiD. For lbs Um o[ Tscbnical [niuucUDB Cluio, Sndanti In 
AgTicolinn>lCDllB(i9i,uidttuWotlciDsD*lrr-Fumer. ByProU.P.SBiLDOH, 
Its Special Commluioaat of tli« Cuudiia Goveromeal. Autbor ol ■* Otiij 
Fanuuw/' Ac- W"'" "' — ' — ■* — ■ " '* -'"'■ 



Datrv Manual. 

MILK, CHEESE AND BUTTER: A Practical Handbook 
on their Prop«tllei uul (ha PracriSBi oF Ihslr PrDduFilaD, Including a 
Cbtptecoo Cram and ihe Methods of iu Separation from Milk. By lonH 
Oi-iVB*, IDIB PrlDdp«1 of Ibe Western Dt&y InMltnie, Beikelnj. Wilb 
^Coloored PlUauid uo IllustL Croon Sto.^i^i'. cloth. |^iuf tvitithit. 

and HupcbU DTOAirylqa. IE U 4 cUniua AcquUJUoa to lbs liluuy of lb* aaiiaiUuriA."— >/vin>£ 

Affricultural Facts and Figures. 

NOTE-BOOK OF AGRICULTURAL FACTS AND FIGURES 
FOR FAfCMBKS AND RARM STUDENTS. Bt Pbivhosi McCOHlELI, 
B.Sc. PUth Edition. Royal 311110, loan, eill edges, with band, ii. 

Smalt Fanning. 

SYSTEMATIC SMALL FARMING: or. Tki Lmmt of m> 

Farm. Being an lalroducilon to Modem Farm Practice ioi SmiU Farti»n, 
BjR. Scott Buxh. Wllh numeroui Illusttitions.ctovm Bvc.Ki.elDth. 
"TbbMUw WDipmvn book of tL> cUua n hjrt Hca. ud sua whidi ivqiy uulsiii ^nof 
vtn nvt wUb p i — m rs «ad Atdpt u ■ pjlA*.''.^I''mU. 

Modem Farming. 

OUTLINES OP MODERN FARMING. By R. Scorr Bubm. 
Soils, Manorei, ind Ctdpt— Fuiaing and FumUiE BcDDom}— CslUe, Shaap, 
and HoDe) — Manacemenl of Dairy, Pigs, and Poollr;— Utillsaljoa of 
Towa-Sewaie, Irrinllon, ftc Siiib Edition. In Ons Vol., 1,1:0 pp„ halF- 
bonnd, proluMly II[n>tMlBd, iti. 
• ThaAlDDrOMUiUwrliubBHBD HdlK 
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AgricuUvrat Engineering. 

FA SM ENGINEERING.THE COMPLETE TEXT-BOOK OP. 

CompiliiDg DraininiE and Bmbonkiag ; ICTiciIion ud Water Supply ; F 

RmuU, Fenoe*, uid Gaiai Farm Boildlngi: " — ' — ' * 

-<-'—- vieldlmr' -...--.- '-i- 

Agricultural Text-Book. 

THE FIELDS OF GREAT BRITAIN: A Text-Book of 
AiETicnltute, Bdspied to Ibe Syllabus of the Sciaoce and Ari Deptitmait. 
For Elementar; and Advanced Students, By Hugh Cliuehti (Board al 
^Trade}. SMOndBdllloD, Reviled, nilbAddlliuns: iSmo, u, U, clolb. 

(DdTa M ^^^a £ 

Taties for FarmeraJ etc. 

TABLES, MEMORANDA. AND CALCULATED RESULTS 
for Farmtn, Ctatim, Agriailliirel SIiuIihIi, Sunijion, Lfii AgiHll.AMe- 
tloHort, lie. With a New Syitem of Farm Book-leepini. By Sidhit Fuh- 
"11 Tbird Edition, Raviflsl, tTfl pp., walstooat-pocltet liie, ir " * — '*"~ 

^■I^IHI 




AGSICULTOBB, FARMING. GARDENING, itc. 



Artificial manures and Voods, 

FERTILISERS AND FEEDING STUFFS: Their Proper- 
Uetudtlsai. A Huidbook for tbe Practical Fatmer. Br BlRKtHD Dyei, 
D.Sc. (Lood.) Wiih ihc Tern of lUe FBtiillsers ud Feedinn Siuffi Act of 
■Sgj, lliBR«iil»laD«uic)Fani>< of tlie Board of Ak< icultuce aod Koles oa 
Iha Act bT A. J. David. B.A., LL.M.. of Iho InMt Temple, Batrislecal-Ljir, 

The Maitagetnent of Bees, 

BEES FOR PLEASURE AND PROFIT: A Guida to ihe 

Manipolatlon of Ben. Ibe PiadflRlon of Honi;, and Ifai Geneca] Huis«e- 
mealot Ihe Apiary. BrG. Gomhh SausOH. Crovn Svo, ii.clolti. 



A Pnctleil Treatise, prBealinK, in Thres Plans, a STitem adapted lor i 
CUssei of Parma. Bf Jouhsoh M.WooDiiAH.CbiiileiBdAccoililluit. Sscoi 

Bdilioo.R=»i«ed. Crown Bvo. II. M. oloili boards: " -'--■-'- - 



rtp^T iu con And ttviy'^-SHtStnt fJn^l, 

Farm Account Book. 

WOODMAN'S YEARLY FARM ACCOUNT BOOR. Giving 
a Waeklf Labour Account ud Dlair, and sbowinK tba loeoDie and Eipen- 
dllare oodcr eacb Depatloicnl ol Craps, Live Stock. Dtdrr, &c. Ik. Wiiti 
ValoatloD, Profit aod Laii Acconnt. md Bglaoce Sbeet at ibc end of ibe 
year. Bt Johhboh M. Wooduah, Ubarleied Arroonunl. Autbor of " Booli- 
teepng for Farmers." Folio, 71. W. hilf bound. [iW(»n 

Early Prwitg, Flowers, and Vegetables. 

TUB FORCING GARDEN; or, How to Grow Early Fruiu, 
Flowen, aod Veeeubles. With Plaos and Eiiimaies for Bulldini Clau- 
batuei. PIU, and Pramei. Br Sauuai. Wood. Croon Bvo. }].6d. i:foth, 
"AieedbaDk-aodOilFlr A]l»>P^cathu-«ii.tn tonrtd'^RW'Afvit. Ttw tK»k l> writtu irim 
■■asi a«^ BMl CBObtH a flHI dflol Dt rllUAtdttucbldc.'—.^llb'VrJ' JVa«H»Hb 

eood €h*rdentng. 

A PLAIN GUIDE TO GOOD GARDENING : or. How to Grow 

VMetaUe*, PcdIu. uid Flowets. Br S. Wood. Foorih Edition, wlih con- 
ddarabla Additloni, &c., asd numeroug lllusirtiiona. Croon Svo. ]i. fid. d. 

Gainful Gardening. 

UULTUM-IN-PARVO GARDENING; o 



■J wu 

ttardening for lAidiea. 

THE LADIES- MULTaM-IN-'PARVQ FLOWER GARDEN, 
ami AmtlrHri' CtmpUii GfUt. Wiib Illaits. By S, Wood. Cr. Bvd, 51. U. cI, 

Meceipta for Oard^nera. 

GARDEN RECEIPTS. Edited by Cbabi^s W. Quih. lamo, 
ii.M.Dlmmimp. 

Market Gardening. 

MARKET AND KITCHEN GARDENING. By Cootributors 
W'TbeCudea." Compiled b; C W. Sn*w, laie Editor of "Gatdeaini 
niiuinled." amo ji. 64. clolb boards. 



CROSBY LOCKWOOD *■ SONS CATALOGUE, 



Auctioneer'a Aagistant. 

THE AFFRAISEB. AUCTIONEER. BROKER. HOUSE AmA 
ESTA TE AGENT AND VALUERS POCKET ASSISTANT, foi 'be Vit^ ' 

at proptrtT fcasiaJlri iritb Pricu Idc InvaDUirlei. lie. Bt Johh Wbbblu. 
Vainer, &o. Slilb Bdltion, R*.inliiai] «nd frtailj eiisoded by C. Noun, 
Suvayor, ViIbot, ftc. KinU juua, ji. elatli. 
"AawwooAvbiH* of xftrwiM, p m al rii^ u odn 




/nwood's Estate Tobies. 

TABLES FOR THE PURCHASING OF ESTATES, 
CofySold. or LiaiihoUi AiiiitatUi,Aitnniioiu,itc.,t.ad foi Ihe KeBBthagtt 
Liuei bald undacCMbedtil Chutcb«,CDl1e>Ba, DiniberCorponiabodin 
for Teimi □( Vesrs canaio, and tot Uvng ^ ilio for ViluinE Revonuiout 
Bliuea, DeleTTed Anasiliet, Ne» Prlsenlallani. &c. : <o|eiti« *ilb Sun's 
Five Tablet of CompouDd latereii, and ao Eiiensioo ofibe ume <□ Ltnm 

ud iDtermadialB Ralei. By '" ' - .^ ^ ...... ,.^ . 

Additions, and new and vsluabl 
ComputaSoni of Iho Inlereil of : 
Thom»b. of Ibo SodCU Crtdii 1 



CODSldKailll 

LogailibiDE for iha more DiSooH 
ounl, Annuitiea. &c„ by U. PiDM 
'-— -^ "-'o.Sl. clotn. 



AgricttUurat Valuer's Aaaistant. 

THE AGRICULTURAL VALUER'S ASSISTANT. 
tical Handbook on tba Valaalion of Landed Eslala-, IncJodlniRalaa u 
DlU for UaasuriBR and Eiiimaling lbs Conlenli, Weiebli.and Vahwt < 
AgrlcDlInral Ptoduce and Tiinbar, and Ihe Viluei of Feedliw SlaSi, 
Uaaorei, and Labour: wilh Forms of Tenanl-Rlehl-Valualiopl. LlM ot 
L«al Agrionlldrsl Cnaiomi, Scaloi of Compenaati< 

._ ,... n^|.^- ^^^ 

nJuc, of in kllllU."— .tfnoiawWeMilik, 
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Plantationa and Underwoods. 

POLE PLANTATIONS AND UNDERWOODS: A PracdMl 
" " ' ' e Coilof Fonnicg. Renovaling, IninovlDgiUid 




AOCTION BERING, VALUING, LAND SURVEYING, ilc. 47 

BudsoH'a Lmtd FiUuer'g Focket-Book. 

THE LAND VALUER'S BEST ASSISTANT: BeingTablea 
an > veiy mvcta Impioved P)an. tor Oilcnlitlng Ihe Value of Eilatea. Willi 
Tables for redadng Scolcb.Itisb. and Ptovintml Cujlomaiy Acrei 10 SDIUta 
" lanre, Ac. By R. Kudiok.C.B. New Edition, Royal jimo. 41. lealher. 



JBwart'* Land Improver'a Pocket-Booh. 

THE LAND IMPRO VERS POCKET-BdOK OF FOBKULjE, 
TABLES.a^ MEMORANDA n^uirid ii aiy ConfuUatoji rtlalif "> ">( 
Pm-m m itM tmproatmtnl ej Laiuttit Prafcrt). By Johh liwiitT, Suiveyoc. 
Socond Edition. Royil jimo. 41. leitber. 

0(ntWl€te AgrieutttireU Surveyor's Focket-Book, 

TBB LAND VALUER'S AND LAND IMPROVER'S COM' 

PLSTE POCKET-BOOK. Ceiog of Ibe above Tno Wmkl bonad logelher. 
Lwlber, nitb ilrap, 71. iVf. 

Bouse Property. 

HANDBOOK OF HOUSE PROPERTY. A Popular and Pracli- 



OUSBPKOPEHTY. A Popular and Pra 
uding Ibe'favr'of Dl^pida'kini U^Fiilu»ir< 



Biample. of Jill Hindi of Valmiioni, Useful 11 „ 

SncieBtire Eluciditlnu of Fine An. By E. I.. Tiuucx, Aichitecl ind 
Sorvanr. Flftb Bdltlon, Eoluged. iimo. 51. ctolb. 
"Poa aD vlio han d«Biw4 villi b«u« prDPOiT. Ihls k u btdbpaisblB nj)i1*"—£4nwviiM. 

LAW AND MISCELLANEOUS. 
Pocket-Book for Sanitary OfftcialM, 

THE HEALTH OFFICERS POCKET-BOOK : A Guide to 
Sanllary Praclice and Law. Foi Msdiul OScara of Heollb. SiDilair In- 
ineeujrs. Memlien of Sanitary Authoriiisi, &c. Bj' Edwaud P. Wiixotraair, 
U.D. (Lond.), &s.. Author of " Hyglina and Pobllo Haallb." Fcap. Sn 
71. Sd. clolb. red aagn, rannd«d corners. [Jfiuf paSlMut, 

■HKtnctlr b«1 ftilljr v>4 KlBiiiiaallrd«vll w^"— ^Af ^a^BAL 

■■ An u«Dbdi pnliOcitloo, dddm with ibt KtaatiAc, ucknitAj and r«g^ outtm coonACIAd 

JournaUsTn, 

MODERN JOURNALISM. A Handbook of Instruction and 
Counsel for the Vounj Jomnalist. By Iohk D. Mackii, Fellow of Ihe Inlll- 
tuir of JoDrnaliilt. Crowa Bvo, 11. cloth. (JhjC publiihid. 

Private BUI Legislation and Provisional Orders. 

HANDBOOK FOR THE USE OF SOLICITORS AND EN- 
GINSBSS BngaKed In Ptoinaltnit Private Acts of Parllamiinl and Prod- 
Works, 4e. By L. LivinoBTON M»c*asaT, of tbe MIdd In Temple, Bariiitu- 
at-Law, M.Insl.C.E. Svo.lji. clolb. 

Law of Patents. 

PATENTS FOR INVENTIONS, AND HOW TO FROCURB 
THEM. Compiled lor lbs Uti of Inventors, Patenieea and oibers. By 

Labour Disputes. 

CONCILIATION AND ARBITRATION IN LABOUR DIS- 
PUTES : A HistoiiFal Skeleb and Brief Slalemmt of (be Present PnaliJoa 
of ibe Qneatlon at Home and Abiosd. By 1. S. Jeoks, Author of "Eniland'i 
SnptsnuOTi" "c- Crown 8to, loepp.. u. 6d. eloib, Jjnsl puiliilitil. 



48 CROSBY LOCKWOOD cB- SON'S CATALOGUE. 

A. Cotnplele Bpitoma of the Lawn of this Country. 

EVERY MANS OWN LAWYER: K Handv-Book of thb 
FiiKCirua or Ltw abd £quii>. With A CONCISE DICTIONARV 
OF LEGAL TERWS. Bt A BftumSTiii. Tblcti-tbltd Bdlilon. cu«hi!l|> 
iUirlud, and Inclitiliiic New Act* of PnlUncDI of itfj. CBiDpTiiing iba 

Summary JantdiLtioH {Uaniii Wemin) Aa. iBoj (glviiK lo Waililruei 
Unalr IncruHd pew«n lor the Pmiwrlon of ill-uisd WiTM], u wi " 



orijed In tlu Factory artil Woihksp Ac*, if«! Lam 

af DlMlmi Amin^mnl Atl. i»)S; Cvrmft and Il)i(a( PrmlUa Act, ites: 
£.«fdl CDPimauiU Ait, i9m (auabllihing Dlmici and Pariib Cnneiw; 
FlHVHt Atl, tBu (impmlDit the Nsw Death Duilo] : prarnllM tfCrmlt]' l» 
OriUrBtAtt.^; liarfUi Wamm't Pnptly Att.iSgr, BffUv aa^ Low 
({•i/anli) Act. iq^i wllb maDroibei Acta of tectnt ycaii. CniwnBvB, 75a 
pp.. erica Si. M. (lavBd al aver* oouollallaD I) atnmaj* bonnd tnoloUi. 

>.• Tin Book will ii fomd lo amprit {anumfst otUt matUr}— 




t^ Tlu obJKt of IM morh ii lo mabli IImm wto esuaU a le kttp II 
■lira ta fkf law; Mif tkmby ID diipttui. ai fat ai ^euiNf, m(k pro/mti 



airttlaaff aaJ i^aiM. rkar* ar* Maaji »av> aw' gnmsaco *A«cA pmoia nt- 
It Han ai frtal a driai of a fawyfi o^ct 01 of aUoa'i dta, WMilkit 




>1 UxmiiUif lnMMgII>l« "> 

Leffol Guide for PawMbrofcers. ■""-■»• 

THE LAW OF LOANS AND PLEDGES. Wilh Statutes 
and a Dieest or Ci«i. By H. C Poliakb, Biq., Bairltler-at-Law. Fear. 

2fte X«w 0/ Contracts, 

LABOUR CONTRACTS: A Popnlar Handbook on the Uw 
ofConjri=i.forWork.BndServiM,. BrD.GiBBOss. FonnhEdlUoo «i<h 
Appeodls of SiBlBlsi by T. F. Uthiv. Solicitor. Fcap. Svo, 31. M, gloih. 

The Factory Acts. 

SUMMARY OF THE FACTORY AND WORKSHOP 4CTS 
B»o, 6J. lowod'. ■ '^'' ' °'^"" °""F*"oavAccouiiTS.') -Crown 
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